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1. INTRODUCTION

The Captive Trajectory Yawmeter System (CTYS) is the method used in Aero-
ballistics Division, WSRL for simulating store separation from aircraft.

The initial plan was reported in reference 1, preliminary validations are
described in reference 2, and progress reports were given in references 3 and 4.
This report descr ibes the mathematical background and the software which drives
the system.

Section 2 provides the details of all coordinate systems used, defines Euler
angles and derives the equations of motion for the six-degree-of-freedom program.
Section 3 outlines the methods for determining the forces and moments on the
store, while Section 4 gives details of the system and software.

The CTYS resides on a UNICHANNEL-15 (PDP-1S/PDP-ll) dual processor computer
which is attached to Aeroballistics Division ’s Si wind tunnel, a continuous f low
tunnel which can operate in a speed range from about 100 rn/s to Mach 1 and from
Mach 1.4 to Mach 2.8. A full  description of the system can be found in
reference 5 and its assoc iated references.

In view of the small size (0.4 m x 0.4 m) of the working section , the
traditional method of using a model of the store mounted on a sting has been
replaced by the technique of measuring the flow at twelve stations along the
store centre-line for each trajectory point computed . Thus, the store loads
are derived from measurements of the flow field and are not directly measured .
Aircraf t models are typically 1/50th scale.

The flow measurements are made by a yawmeter probe mounted on a computer-
controlled four-degree-of-freedom traverse rig, the roll axis being inoperative
for this application. The probe measures pitot pressure , mani fold pres sure and
two differential pressures , which are suff icient to determine the flow properties
at each measurement station.

The CTY S then determines forces and moments by:
(a) selecting the most appropriate result from data which have been previously

acquired on an approximately 1/8th scale model of the store in uniform
flow , and

(b) calculating increments to the store-loading due to the known non-uniform
flow , as measured on-line by the probe.

Section 3 gives a full account of this method .
In other respects the CTYS is analogous to the Captive Trajectory System ,

being simply a point prediction technique using a fourth-order Runge Kutta
integration in time. One significant feature of the method of load estimation
is that, as the store moves away from the aircraft, the flow non-uniformities
decrease and the corrections to the measured coefficients tend to zero . At this
stage the aircraft does not influence the trajectory any more and the trajectory
can then be continued to impact , or as far as desired , without further tunnel
information.

The time required to complete an average trajectory is about 30 m m .  Although
the system has been streamlined as much as pos sible , there are many inherent
delays such as traverse rig travel time and yawmeter probe settling delay, the
latter being approximately 5 s. Many accesses to the various disk data stores
must be made for each trajectory point , but these aie performed using Direct
Access Input/Output, mainly while the rig is traversing to the next point , and
therefore do not generally delay the process.

Results to date are promising and it is expected that full scale trajectories
can be s imulated quite successfully. 

- -~~~~~~~
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2. MATHEMATICAL ANALYSIS

2.1 Definition of coordinate systems and Euler angles
The Captive Trajectory Yawmeter System uses two distinct sets of coordinate

axes. The first set refers to the real world and consists of earth axes,
aircraft axes and bomb axes as shown in figure 1.

The aircraft is assumed to move in a circle in the X
E
Z
E 

plane at a constant
tangential velocity V~ and with centripetal acceleration i.Lg. Its initial

attitude is specified by a dive angle (DIVE) and an angle of attack (ATTACK).
Also , since the Aircraft Z axis (ZA) points in a downward direction and the
Earth Z axis (ZE) points upwards , the roll of the aircraf t with respect to
earth axes is sr radians and its pitch is given by

APITCH = -(DIVE-ATTACK) .

The aircraft maintains this traj ectory throughout, where only the dive
angle changes with time. The value of ~.t in the centripetal acc elerations
may also be negative.

The CTYS also defines a set of wind tunnel coordinates as shown in
figure 2. The flow (V

00) is parallel to the tunnel walls whereas the air-

craft and bomb axes are inverted , the aircraf t being f ixed to the tunnel wall
at an angle of attack; the bomb position is defined by a yawmeter probe
attached to a four-degree-of-freedom traverse rig. The wind tunnel Z axis
(ZT) points downwards thus providing a certain parity with the real world
system of f igure 1.

Throughout the analysis , the orientation of one axis system with respect
to another is descr ibed by Euler angles for roll , pitch and yaw . For
exampl e, to convert from aircraft axes to bomb axes:

(1) Roll through an angle p about the aircraft X ax is (XA ) to give a
new system (X’ ,Y ’ ,Z’), where X ’ = XA . This coordinate trans-

formation is described by the 3 x 3 matrix

/1  0
C1 = ( 0 cos ~ sin ip ) (1)

\\ 0 -sin g cos~ ,/

(ii)  Then pitch through an angle 0 about the Y ’ axis to give the system
(X” ,Y” ,Z”) , where Y” = Y ’ . The corresponding transformation
matrix is

fcos O 0 _ sin 0 ’
\

C2 = (  0 1 0 ) (2)

\sin 0 0 cos

(iii) Finally, yaw through an angle t3 about the Z” axis to give bomb axes
(X B,YB,ZB), where ZB = Z”. This corresponds to the transformation
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/cos P sin P 0

c3 = (-sin t3 cos t3 0

\\ 0 0 1

The total transformation is thus represented by the direction cos ine matrix
C = C3C2 C 1,  which is given by

(cosO cosl3 sin~ sin0 cos~3 + cos~’ sinl3 -cos~’ sin0 cost3 ÷ sin~p sint3”\
C = ( -cosO sin(3 -sinip sin0 sin~3 + cos~ cos# cos4p sin0 sinj3 + sinp cosj3 )

sin0 -sinp cosO cos~ cosO J
(4)

Thus , if a and b are vectors in aircraft axes and bomb axes respectively,
then

b = Ca (5)

2.2 The relation between Euler rates and bomb angular rates

Let p,q and r be the angular rates of rotation of the rotating axis
system about its own X ,Y and Z axes respectively. To c~lculatç the relation-
ship between these angular rates and the Euler rates ~‘, 0 and i3 , it is
necessary to use the results of the previous section.

Firstly, a roll of ~ about the aircraft X axis gives rise to a rate vector
(p,0,0) in aircraft axes. This produces a component

= C3 C2 C 1( 0 )  (6)

\o /

in the rotating axis system, where the matrices C1 , C~ and C3 are def ined by
equations (1), (2) and (3) respectively.

Secondly, a pitch of 0 about the Y ’ axis (see Section 2.1) produces a
rate component

W 2  = C3 C2 ( O )  (7)

in the rotating axis system .
Finally a yaw of i3 about the Z” axis produces a rate component

= (8)

in the rotating axis system.
Summing the contributions of equations (6), (7) and (8), we obta in
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p = () sin 13 + ~ cos 0 cos 13 (9(a) )

q = 0 cos 13 - ~p cos 0 sin (3 (9(b))

IIand

r = j3 + ‘~ sin 0 . (9(c))

Conversely,

p = (p cos 13 - q sin t3)/cos 0 ( 10(a))

0 = p sin 13 + q cos 13 (10(b) )

and

= r - tan 0 (p cos f3 - q sin 13). ( 10(c))

Note that equations (10) have a singularity at 0 = 
~~
.. This fact will be of

significance later.

2.3 Rate of change of the Euler angle transformation matrix

It will be useful to calculate the rate of change of the direction cosine
matrix C depicted by equation (4).

Let F be a fixed axis system and B be an axis system which is rotating at
a rate w with respec t to F.

Let b be a vector in B whose coordinates in the fixed system F are given
by f .  Then

b = Cf (11)

where C is a 3 x 3 orthogonal direction-cosine matrix.
Now , it is well known that

f = b - i . w x b , (12)

the second term deriving from the rotation of axis system B. Now since w
is a vector in F, then we can define a vector ~ ‘ = (p,q,r), where p, q and
r are the angular rates of rotation of B about its own X, Y and Z axes
respectively. Further, since w ‘ is a vector in B, then

= Cw . (13)

Equations (12) and (13) then give

f = b + C~ ’ ~~.‘ ‘ x b. (14)
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Now t~’ ‘ x b can be expressed as the matrix product -�‘Zb, where

/0 r -q\

fl = ( _ r  o p ) (15)
• \ q -p 0/

Hence, equations (14) and (15) yield the relations

f = b - C ’ ~7b.  (16)

To calculate C , the rate of change of the direction cos ine matrix C , let b
be a vector which is fixed in the rotating system B, so that

b = 0 (17)

and

f = -C~~ ~2b.  (18)

Differentiation of equation (11) with respect to time gives

• b = Cf ÷ Cf. (19)

Then substitution of equations (11), (17) and (18) into equation (19) yields

0 = Cf + C(-C ’ S2 b)

= Cf - ~7 C  f .

That is,

(C-~~lC)f = 0 (20)

Since f is an arbitrary vector, we can deduce that

C = &~ C. (21)

2.4 Trajectory of aircraft

As noted in Section 2.1 , the aircraft describes a circular trajectory
which is either convex to the origin (It positive) or concave to the origin
(i~ 

negative). The centripetal acceleration (
~g) is assumed to include thegravitational component.

Thus , at all  times

00 = L A G  (~~~1b
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and

V00 
= -p (DIVE), (23)

where p is the radius of curvature and DIVE is the dive angle, a function
of time.
Eliminating p from equations (22) and (23) gives

DIVE(t) = DIVE0 - ILgt/V00
. (24)

Further analysis then yields the coordinates of the aircraft in earth axes
as follows

x = x
0 

+ 
~~~~~~~~ 

cos(DIVEO 
- ~~

.
~ )sin (~

) (25(a) )

y = 0 (25(b) )

= - ~!~? sin(DIVE ~~~~~~~~~~ (25(c) )o ~tg o 2V00, 2V
00

When ~z is small , equations (25) reduce to

x = x + Vj cos (DIVE ) (26(a) )

y = 0 (26(b) )

z = z - V
00
t sin ( D I V E ) .  (26(c))

The case 11 = 0, of course, corresponds to a straight line trajectory.
From f igure 1, it is clear that the components of aircraf t acceleration

in aircraf t axes are constant and are given by

= ,.Lg sin(ATTACK) (27(a) )

= 0 (27 (b) )

ZA = -~ g cos (ATTACK) . (27(c))

Al so, the Euler angles describing the orientation of the aircraft with
respect to earth axes are

AROLL = ir (28(a) )

APITCH = -(DIVE-ATFACK) (28(b) )
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and

AYAW = 0. (28(c))

Substitution of these angles into the direction cosine matrix CA and
application of the transformation = CA ’ ~~ gives the components of
aircraft acceleration in earth axes , namely,

= ~.tg sin(DIVE) (29(a) )

= 0 
- 

(29(b))

Z E = ILg cos (DIVE) . (29(c))

2.5 Derivation of the equations of motion

We must now derive the six equations of motion which describe the motion
of the bomb relative to the aircraft .
Let

(i) X be the position vector of the bomb and X~ be the position vector
~f the aircraft with respect to some axis system ,

(ii) Subscripts E and A refer to earth and aircraft axes , and
(iii) CA be the 3 x 3 direction-cosine matrix describing the orientation

of the aircraft relative to earth axes.

Then

(i) ~~ is the position vector of the bomb relative to earth axes ,

(ii) ~~ is the position vector of the aircraft relative to earth axes ,
and

(iii) ~~ is the position vector of the bomb relative to aircraft  axes.

Thus ,

X = C~~ X - X ~~ ~30~-4k A ’---E —E ’ , ‘. -‘

and of equation (30) gives

X = C “ - X~~ + C ‘X -X~—A A ’
~—E —E’ A”—E .-E

Equation (21) then yields

= CA (
~~ 

- + 

~
2 A CA (~~ 

- 

~~), (32)

where CA is given by equation (4) and is given by equation (15) .

Now define

= CA (
~~ 

- .~~) ,  (33)

_ _  • • • - -  --  •~~~~- •
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where u would describe the velocity of the bomb centre of gravity with
respect to aircraft axes if C

A 
were constant, that is, if the aircraft were

not rotating about its own centre of gravity.
Then equations (33) and (30) in equation (32) give

= 

~~~~~~~~~ 
(34)

and of equation (33) yields

= CA~~~~~~
CA~~~~

+
~~
7
A u. (35)

Now is the acceleration of the bomb with respect to earth axes, expressed
in earth axes. Thus, since earth axes represent an inertial system, we can
write

• = ~~ /m , (36)

where are the external forces on the bomb, expressed in earth axes, and m
is the mass of the bomb.

Then, premultiplication of equation (36) by the 3 x 3 matrix C
A 
expresses

the forces in aircraft axes; thus

CA ~~ 
= CA ~~/m = ~~ /m. (37)

Also, since ~~ represents the acceleration of the aircraft relative to earth
axes , then CA !~ 

represents the same acceleration but now expressed in

aircraft axes. Thus, by equations (27), we have

- /~Lg sin(ATFACKi\
CA~~~ 

= f 0 ) .  (38)

\~1Lg cos(ATTACK)j

Finally, substitution of equations (37) and (38) into equation (35) gives

(pg sin(ATTACK)\

C’ = ~~ /m - ( 0 ) + 
~ A 

(39)

\-Mg cos(ATTACK)/

Equations (34) and (39) are thus the two first-order differential equations
which can be integrated to give the motion of the bomb centre of gravity
relative to aircraft axes.

To derive the equations of motion describing the attitude of the bomb
relative to aircraft axes, we define the angular momentum vector as 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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/ p Ixx’\
~~ =~~~q I~~~), (40)

\r  I
~~ J

where 
~~~ 

I~~, and ~~ are the moments of inertia of the bomb about its own
principal axes and p. q and r are the angular rates of the bomb about these
same X , Y and Z axes respectively.

The inertia tensor is not a constant if it is calculated in the space
coordinate system (earth axes) because, in this system, the values of the
coordinates change with time . In the moving (bomb) system , however , the
inertia tensor is constant . For this reason it is advantageous to work in

• the bomb system.
If is the vector representing the angular momentum of the bomb in earth

axes , then

= ~~~~~ (4 1)

where C
B 
is the direction-cosine matrix which describes the orientation of the

bomb relative to earth axes .
—~~~ of equation (4 1) gives

= CB~~~~ + C g~~~ . (42)

Then equations (21), (41) and (42) give

13 
= CB~~~~

+
~~

2 B~~~
. (43)

Now, since earth axes represent an inertial system, we can wr ite

= 
~~~~ ‘ 

(44)

where is the vector representing external moments (torque) on the bomb ,

expressed in earth axes.
Thus , premultiply ing equation (44) by C

B expresses the moments in bomb

axes , namely

= (45)

Finally , equations (43) and (45) yield

• 
= 

~1B
+
~~~B~

!B. (46)

Equations (40) and (46) thus enable the calculation of the bomb angular
rates p, q and r. In most cases , equations (10) would then give the Euler
angular rates L~~~, 0 and (3 which could then be integrated to give the Eu ler
angles p. 0 and (3 as functions of tine .

~~~~~~ • ~~~~~~~~ .~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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However , equations (10) have a singularity at 0 = lr/2 and thus , for
values of 0 in the nei ghbourhood of ~r/2 , truncation errors will occur. 

I 

-

It is therefore safer to use , not the Euler angles themselves , but the
direction-cosines of these angles as dependent variables.

Thus, let C be the direction-cosine matrix which represents the Orient-
ation of the bomb relative to the aircraft. If b is a vector fixed in
bomb axes and a is a vector fixed in aircraft axes, then 

-

b = Ca. (47)

Further, if e is a vector in the earth axis system, we have

b = C~!~ (48)

and

a = CA!. (49)

• Simple manipulation then gives

CCA = CB (50)

or

C = CBCA ’ . (5 1)

d of equation (50) yields

CCA + CCA 
= C8. (52)

Equation (21) applied to equation (52) thus gives

CCA + C
~~~A

CA 
= a~~~C3. (53)

Post-multiplying equation (53) by CA
’ and substituting equation (SO) finally

gives

= 

~~B
C _ C f l

A . (54)

The 3 x 3 matrix-equation (54) thus represents 9 first-order differential
equations for the calculation of the elements of the orientation matrix C.

The procedure is therefore to
(i) Integrate equation (46) to calculate

(ii) Use equation (4 0) to give p, q and r.
(iii) Substitute in equation (15) to give 

~

~~~~ ~~~~ --~~~~~~~~ - -- ~~~~~~~~~~~~~ --.- -
~~~~~~~~~

.----- -—--- .~~~~~- -.- -~~~~~~~~~~~~~~~-~~ - - - -.-- ------.-- - • . 

j
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(iv) Calculate 
~ A 

from the known aircraft angular rates 
~A ’ 

4A 
and r

A .

(v) Substitute into equation (S4) and integrate it to yield the
3 x 3 matrix C.

If so des ired, the Euler angles associated with C can be calculated by
the following formulae, which are derived from equation (4):-

0 = tan~ (C31/~~~2 
+ C~3) (55(a))

sin ~3 = -C21/cos 0 (55(b))

cos j3 = C,,/cos 0 (55(c))

sin ‘p = -C32/cos 0 (55(d))

cos ~p = C33/cos 0 (55(e))

Equation (55(a)) assumes that 0 is acute.
However, as noted in the next section , it is usually more mean ing ful to

use projected angles rather than Euler angles.

2.6 Transformations between Euler ang les and projected angles
Euler angles are always diff icult for the exper imenter to visualize.

For instance, in defining the orientation of the bomb relative to aircraft
axes, it is extremely difficult to relate the bomb ’s attitude to the given
Euler angles. It is therefore convenient to express the attitude in terms
of projected angles.

Thus , let ~~ 0~ and (3~~~ be the projected roll , pitch and yaw of the bomb
relative to aircraft axes, that is, the roll , pitch and yaw angles of the
image of the bomb when proj ected upon the aircraft YZ , XZ and XY planes
respectively.

To find projected pitch (0*) and projected yaw (13*) it is necessary to
find the coordinates of the unit vector in the direction of the bomb ’s nose
(X axis) as represented in aircraft axes. This is given by

/xN \ f 1\
YN J = C~~ ( o ) , (56)

\zNJ \o/

where C is the matrix describing the orientation of the bomb relative to
aircraft axes.

Since C is an orthogonal matrix , then equation (56) gives

XN C , ,  ( 57(a))

YN C,2 (57(b))

ZN C13 . (57(c))

Thus

0* = tan ’ ( -ZN /XN ) = -tan ’ (C,3/C,,) (58)
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and

j 3 *  = tan ’ ( YN / X N ) = tan ’ (C , 2 / C , , ) .  (59)

• Similarly the projected roll (‘p *) can be found front the coordinates of
the unit vector in the direction of the bomb ’s reference fin (Z axis) as
represented in aircraft axes , given by

fXF \ /O\ fC3i\ (sin U
YF ) = C 9 ~ o 

) 
= c32  

) 
= (_ s ± n  ‘p cos 0

\ ZF/ \i/ \C33/ \ cos ‘p cos 0

Since roll is always the first of the Euler angles , proj ected r~ 1l (‘p*) and
Euler roll (‘p) are equal , giving

sin ‘p* = -C32/cos 0 (60(a))

and

cos ‘p~ = C33/cos 0 (60(b))

Differentiation of equations (60) with respect to time shows that

P = (C3 3  C3 2  — C3 2  C3 3 ) / ( C ~2 + C~ 3 ) .  (61)

Projected pitch and yaw rates are obtained by differentiating equations (58)
and (59) to give

0* = (C ,, C,3 - C,3 C,,)/(C~, + C~3) (62)

and

(3* = (C,2 Cj, — C,1 C,2)/(C~, + C~2 ) .  (63)

Further , equation (4) can be used to substitute for the elements of C to
give the projected angles in terms of the Euler angles, namely:-

‘p (64( a) )

tan 0* = tan 0 cos ‘p - sin ‘p tan j3 /cos 0 (64(b))

and

tan 13 * = tan 0 sin ‘p + cos ‘p tan $3/cos 0 (64(c))

The inverses of equations (64) are then

‘p ‘p* (65(a))

- - . ~~~~~~~~ -~~~~~--~~~~~~~~~-~~~~~~~~~~ ,- • - - .- • - •-. - - - - - -- --. • -. 
~~~~~~~— .- - - - - .  ~~~~~~~~~~-— •~~~~~ • • • • • --
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• tan 0 = tan 0* cos ‘p~ + tan 13* sin ‘p~ (65(b))

and

tan 13 = cos O (tan j3* cos ‘p* - tan 0* sin ‘p*) . (65(c))

2.7 Relation between Projected Angular Rates and Bomb Angular Rates

In Section 2.2, p. q and r were defined as the angular rates of rotation ,
relative to fixed axes, of the rotating system about its own X , Y and Z axes
respectively. Thus we here define p. q and r to be the angular rates of
the bomb, relative to earth axes, about the bomb ’s X, Y and Z axes respect-
ively.

If and rA are the angular rates of rotation of the aircraft,
relative to earth axes, about the aircraft ’s X, Y and Z axes respectively,
then we can write

= C~~~+ d p, (66)

where

\r

/PA\
= (, ‘~

\rA /
C is the direction cosine matrix describing the orientation of the bomb
relative to the aircraft and dp~ is the effec t of the rates of change of the
Euler angles of C.

Now, differentiating equations (65) with respect to time gives

(67(a))

sec 2 0 0 = sec2 0* cos p* ~~* + sec2 j3* sin ‘p* 13* + tan (3 ~*/cos 0

(67 (b))

and

sec 2I3 (3 = cos0(sec2I3* cos’p* 13* - sec2 0* sin~p~ O~ - tan0 ‘pd’) - tanO tan (3 0

(67(c))

Then , equations (4) , (9) and (67) give
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dp = C2 1 (C3~ sec2 13* (3* - C33 sec~ 0* 0 *)  + cos 0 j3 (68(a))

dq = C , ,  (C3 3 sec2 0* 9 * - C32 sec2 (3* ~*) (68 (b))

and

dr = C1, (C2 2 sec 13* 11* - C23 sec20* 0 *) (68 (c))

Equations (66) and (68) therefore provide a means of calculating bomb
angular rates from projec ted angular rates , the latter being spec ified by
the experimenter prior to the running of the Captive Trajectory Yawmeter
Sys tern.

3. DETERMINATION OF THE FORCES AND MOMENTS

The Captive Trajectory Yawmeter System determines the aerodynamic forces and
moments on the bomb by

(a) selec ting the most appropriate result from data which have been previously
acquired on an approximately 1/8th scale model of the store in uniform
flow , and

(b) calculating increments to the store loading due to the known non-uniform
flow , as measured on-line by a yawmeter probe.

3.1 Store characteristics in uniform flow

Tabulated data representing the characteristics of the store in a uniform
flow are required for this procedure. The tables reside on disk and consist
of ten coefficients as a function of reference Mach number, total pitch and
total roll .

The yawmeter probe is programmed to take readings at twelve stations along
the calculated position of the store centre-line, including three stations
located at the lead ing edge, mid-point and trailing edge of the mean aero-
dynamic chord of the fins.

A reference point , usually the station at the mid-point of the fins, is
selected and, from these reference flow cond itions , a Mach number , total
pitch and total roll are calculated. These quantities are then used to
obtain the ten uniform-flow coefficients from the disk.

In calculating the incidence and sideslip upon which total pitch and total
roll  are based , some allowance must be made for the curvature of the stream
past the fins. Here use is made of thin aerofoil theory from which it can
be shown that “the lift of an aerofoil of camber ~y and incidence a is equal
to the lift of a straight aerofoil at incidence (a + 27)”. This result is
easily proved us ing page 91 of reference 6.

Cons ider the veloc it ies at the three fin stations in the XZ plane of
figure 3.

The slope of the streamline at any station is given by

= ~~/*  = W/ U , (69)

where U and W are the measured flow velocity components in the X and Z
directions respectively. A parabola is fitted through the streamline
slopes at the three fin stations and the equation of the streamline is thus
obtained by integration of equation (69) with respect to x.

• --~~~~~~~~~- . - - - • -~~~~~~~~~~~~~~~~~~ • -~~~~~~~~~~~ ,- - -  --.----~~~~~~~~~~~~~~~~ ~~~~~~~~-~~~~~~~ --
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The equation of the chord (figure 3) is given by

z (x) = (Z
~~

/ x )  x. (70)

Thus the mean height is given by

h = L~t/cos a = (z B - Z~ xB/xC)/cos a (71)

The mean chord, quite clearly, is given by

K x~/cos a (72)

Thus, the camber is given by

7 h/K = (z
B 

- z
C xB/xc)/x . (73)

In addition, the mean incidence is given by

a = tan ’ (z
~

/x
~
). (74)

Equations (73) and (74) thus provide the means for calculating the
effective incidence ae = + 27).

The above procedure is repeated in the XY plane to determine the
effective sideslip t3e = +

In deriving the most appropriate uniform flow coefficients from the disk
data store, it is assumed that the tail loading contained in these
coefficients is representative of the tail loading in the curved flow field.

The data store coefficients are, of course, based on free stream dynamic
pressure. Thus, to obtain the coefficients appropriate to the reference
point, the data store coefficients are multiplied by reference point dynamic
pressure and divided by free stream dynamic pressure.

3.2 Corrections for non-uniform flow

Since the interpolated coefficients of the previous section are for a
uniform flow, the flow conditions implied at each store measurement station
are equal to those at the store reference point. However, corrections must
be applied to allow for changes in body loading forward of the fins, due to
the differences between the measured flow conditions at the store stations
and the uniform flow implied by the interpolated coefficients.

Allen and Perkins(ref.7) derive an expression similar to that derived by
Munk for the potential cross force on slender bodies , given by

f = q sin 2a, (75)

where q is the dynamic pressure, and a is body-axis incidence relative to
the free-stream flow direction.

They also note that, from the work of Ward(r ef.8), it can be shown that
the potential cross-force is directed midway between the normal to the axis
of revolution and the normal to the wind direction.
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This applied to equation (75) gives a cross-force of

Z~, = 
~~~~~ sin 2a cos ½ a (76(a) )

and

Y~ = q00~~~
-
~~ sin 213 cos ½ 1 3  (76(b))

for the Z and Y potential flow contributions respectively.
A second term is due to viscosity and can be written as

= i~ CD
C 

D q sin2 °T’ (77)

where C
D is the cross-flow drag coefficient,
C

D is the cross-sectional diameter of the bomb (i.e. S = irD2 /4) ,

i~ is the cross-flow drag proportionality factor,

0
T is the total pitch of the bomb (see figure 4) ,

and q is dynamic pressure (=½ p VI 2 ).

t~ arises from the fact that the ratio of the cross-flow drag for a fin ite
length cylinder to that for an infinite length cylinder is less than one
(see reference 9).

Now , since acts in the total Z axis negative direction , the components
of the viscous force in the Z and Y directions will be given by (see
figure 4)

Z,,,, = -½ P T~ CD D I ~ 2 sin2 °T cos (78(a))

and

= -½ P 11 C0 D ~yj 2 ~~~~ °T 5i~ (78(b) )

But , as shown in figure 4 ,

U = -I VI cos °T’ (79(a) )

V = -I x! ~~~~~~ °T sin (79(b))

and

W = -l vi ~~~~ 0T cos (79(c))
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Thus , equations (79) in equations (78) yield

= ½ p t~ C0 
0 W ~~~~ + W2 (80(a))

C - •

and

= ½ p i~ CD D V ~~~
12 W2 . (80(b))

C

Finally, as noted in reference 10, allowance must be made for buoyancy.
This results in the components

ZB 
= -V

00
p S (81(a) )

and

= -V
00

p S (81(b))

where V
00 

is free-stream velocity and p is local air density. The buoyancy

term arises because the streamlines at any point are curved. This is
confirmed by measurements taken by the yawmeter probe along the calculated
position of the store centre-line. However , buoyancy is not expected to
contribute a large amount to the overall cross-force.

The Captive Trajectory Yawmeter System thus defines total cross-
forces of

Z — Zp + Z~ + 2
B (82(a) )

and 
-

•

Y = Y~, + 
~
‘
V 

+ (82(b) )

Uniform-flow theory says that flow conditions at all body stations are
equal to those at the reference point. Thus, the calculations implied by
equations (76) to (82) are repeated, with only the body geometry being
allowed to vary between stations, to give the local cross-force predicted at
each station by uniform flow theory, namely Z.

Then the increment in cross-force due to the non-uniformity of the flow
at each station is given by

t~z = z - z
U

Similarly , a pitching moment at each station can be calculated , with resp-
to an origin at the centre of gravity of the store, as

M = Z(x - xCG).
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Thus the increment due to non-uniformity of the flow is given by

= (Z - Z )  (x - XCG).

Finally , this analysis can be applied to the yaw plane to yield values for
~tY and yawing moment ‘SN.

In the limit , as the flow becomes uniform , these corrections all tend to
zero.

4. SYSTEM DESCRIPTION

The software for the Captive Trajectory Yawmeter System consists of an overlay
system comprising a resident program plus several links wh ich overlay each other
in core. This has been necessary because of the limited core size (24K 18-bit
words) of the IJNICHANNEL-15 computer.

All relevant variables have been allocated to Blank COMMON, and this resident
COMMON area is written on disk after the calculation of each trajectory point .
This feature allows the trajectory calculations to be resumed from a previous
trajectory and thus provides a useful restart facility.

At the beginning of a new trajectory, the COMMON area is initiated by reading-
in a Constants Block from the disk. The Constants Block is set-up by means of
a special Editor prior to the running of an experiment and resides unchanged on
disk until it is required to change any of the parameters. This removes the
need to type-in a large amount of information at the beginning of each run.

The Cons tants Block includes the initial position, attitude and rates of the
store because the present CTYS begins its calculations af ter the ejector has
operated and thus the effects of the ejector must already be present in the
Constants Block when the CTYS begins its operation. However , the ejector phase
of the CTYS has been developed separately (ref.4) and work is currently underway
to incorporate it as an integral part of the CTYS.

4.1 Operation of the Constants Editor

The Constants Editor (EDCON) either sets up a new file or allows
modifications to be carried out on an existing file. It operates in an
interactive manner by prompting the operator and acquiring answers to the
questions it asks.

Listings of EDCON and its utility routines DECDE and IDECDE are given in
Append ix I .  These l istings specify the elements of the arrays T and IT,
which together comprise the COMMON block for the CTYS.

The loading sequence for EDCON is:

$A RKA -5

$GLOAD
LOADER V3A000

> ~~~
— EDCON < ALTMODE >

When EDCON has loaded , it announces its presence and asks the operator to
specify a file name . This file name will denote either a new file to be
created or an existing file to be modified .

If the file is new , EDCON enters an Input mode and acquires the values of
all relevant constants by means of a series of questions and answers.
Each prompt by EDCON includes the Units ifl which the answer is expected , t hus
providing a convenient way to permanently establish the units of each input .

• — --~~~~~~~~- - --  - -•-



_ _ _ _ _ _ _ _  -- 

~~
—

~~~~~~~ ;~~~~~~~ - -
___

~~~~~ - . Th~~~
- 19 - WSRL-0005-TR

If the file is not new , EDCON enters an Edit mode which first checks for
the existence of the file and, if found, opens it. It then prompts the
operator with

ALTER PARAMETERS?

• A negative answer (N) at this stage would simply produce a listing of the
- • unmodified Constants Block. However , an affirmative (Y) would cause a

second prompt ask ing the operator to enter N, where N denotes the following:
(1) Bomb parameters
(2) Aircraft parameters
(3) Probe parameters
(4) Miscellaneous information
(5) Measurement Stations

(6) Diameters at Measurement Stations.

The value for N directs EDCON to the appropriate area in the Constants
Block , where it begins to list each parameter (just as it did in Input mode)
together with the current value of that parameter. If the operator wishes
to change a parameter , he types in the new value . A CARRIAGE RETURN will
accept the old value .

The operator may allow listing to continue to the end of the section,
changing the values of any desired parameters, or he may terminate this
phase by typing CONTROL P. In either event, EDCON will  then again type

ALTER PARAMETERS?

The process is repeated until the operator finally answers N(O) to this
question. Then EDCON

(I) calculates the aircraft Euler angles and their rates, relative to
earth axes ,

(ii) calculates the Euler angles defining the orientation of the bomb
relative to aircraft axes,

(iii) determines the bomb ’s maximum cross-sectional area, and its
correspond ing diameter ,

(iv) initializes the direction-cosine matrix defining the orientation
of the bomb relative to aircraft axes, according to equation (4),

(v) calculates the angular rates of the bomb as described in
Section 2.7, then

(vi) calculates the initial values of bomb angular momentum as defined
by equation (40),

(vii)  find s the linear accelerations of the aircraft relative to aircraft
axes, as defined by equations (27), and finally

(viii) calculates the free-stream values for velocity, velocity of sound
and ambient temperature, from free-stream Mach number and the
height of the aircraf t.

EDCON then writes the file on disk and pr ints the values of all entered
constants on the line printer .

The process of entering the constants is straightforward and should not
cause any difficulty. However, it should be remembered that the roll ,
pitch and yaw of the bomb , together with their rates, are entered as
projected angles , not Euler angles.

:-=_ . ,•
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4 .2  Operation of the Main Program

The Main Program (MAIN), like the COMMON area, is resident in core
throughout the entire trajectory .

Upon loading, its first task is to initiate the traverse rig console
button. This primes the program so that it wil l  change to a “bomb-alone ”
trajectory when the button is pressed , namely, when the operator jud ges that
the bomb is sufficiently clear of the aircraft to be in a nominally uniform
flow. The probe is then no longer required and a trajectory to impact is
calculated .

The Main Program next initiates the system for Direct-Access Input/Output,
which permits the user to reference directly any record in a file without
index ing from the f i le ’s beginning up to the desired record . This feature
is, of course , essential to an operation such as the CTYS, where very large
numbers of records must be accessed in a random manner .

After announcing its presence , MAIN prompts the operator to determine
whether the trajectory is new or is simply the continuation of a previous one.
If the trajectory is not new , the system reads into core the contents of
f ile ‘TFILE CTS ’, the last image of the COMMON area calculated during the
previous trajectory. This simple restart facility thus allows the contin-
uation of a trajectory which has been interrupted by a system failure or for
some other reason.

If the traj ectory is in fact new , the operator is asked two more questions :
(i) MAIN asks whether the store under consideration is MK82 or Karinga.

This conditions the system to take data from the appropriate data
store.

(ii) The operator is then asked to enter a file name, which specifies the
name of the Constants Block set up by EDCON, as descr ibed in
Section 4. 1 .

MAIN then starts the “flight” . Subroutine DAUX is called to initialize
derivatives after which the dive angle is calculated by means of
equation (24) and the aircraft orientation relative to earth axes is determined
using equations (28).

At this point in the calculation of each trajec tory point, MAIN tests the
parameter IFREE, which is set positive when the traverse rig console button
is pressed to signify a transition to a “bomb-alone” trajectory. If IFREE
has become positive, a once-only call is made to subroutine TRFREE, which
converts bomb position from aircraft axes to earth axes, the latter being
more meaningful to the calculation of trajectory to impact .

For all trajectory points, MAIN then calculates, for the current height,
the following quantities:

p = 10335.11 g(l - 2.2559 x l0~ h) S.256103

T = 14.99 - 0.OOÔ S h ,

a00 
= ~/4Ol.742T + 109809.48

V00 
= a00 M00

and

q = 
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where g is gravitational acceleration (mis2 ),

h is height (rn) ,
p is static pressure (newton/rn2 ),
T is ambient temperature (°C ) ,
a

00 is velocity of sound (m/ s) ,
is free-stream velocity (rn/s),

M
00 

is free-stream Mach number ,
q is dynamic pressure (newton/rn2 ) and

7 is the ratio of specific heats.
After expressing the gravitational force on the bomb in airLraft axes,

MAIN then takes one of two courSeS of action , depending on whether the bomb-
alone phase is in operation.

(a) If the store is s t i l l  in the v i c i n i t y  of the a i r c r a f t ,

(i) the flow properties along the centre-line of  t : ,c airc raft ,
are determined (CALL F L O W ) ,

(ii)  the effective incidence and sidesl i p are c: l . ul a t e d  using
the methods of Section 3. 1 (CALL C O R E d ) ,

( i ii)  the force and moment coefficient s duc to uniform flow are
interpolated from the disk data store (CALL CRLF),

(iv) the increments to the force and moment coefficient s arising
from the non-uniform flow are calculated i.CALL CINC), and
f inal ly,

(v) the forces and moments on the store from all sources are
determined , the forces being in aircraft axes and the
moments being in bomb axes.

(b) If the store has entered the “bomb-alone” phase of its trajectory ,
the wind velocity components in bomb axes are just the negatives of the
bomb velocity component s in earth axes. The values are then used
in steps (a) (iii) and (a) (v) above to determine the forces and
moments on the store.

Thus , to calculate the next trajectory point , it only remains to invoke a
fourth-order Runge Kutta integration and print out the result.

However, the steps descr ibed in (a) and (b) above are carr ied out only
once at each trajectory point , whereas the Runge Kutta process requires values
of the forces and moments at several places within the time interval under
consideration. If this condition is not met , an oversimplification of the
integration process occurs and an instability is produced in the solution
for roll , pitch and yaw.
It would be quite impractical to calculate forces and moments at every

point in the time interval required by the Runge Kutta process, because of
the large amounts of processing time involved . Thus, to overcome the
instability , a time-wise parabola is fitted to the three most recent values
for each of the three forces and each of the three moments. The Runge Kutta
process then uses each parabola (in Subroutine DAUX) to extrapolate into the
current time interval and thus to produce a more accurate estimate of each
force and moment.

The process described above is repeated to calculate each trajectory
point , the calculations continuing until either the maximum time has been
exceeded or the store has struck the ground .

Specific details of the subroutines used by the Captive Trajectory Yawmeter
System are given in subsequent sections. A l is t ing of the Main Program
appears in Appendix I I .

•~~~ .. •r~ • . •
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4.3 Subroutines TRSET and TRFREE

TRSET is a small routine, coded in Assembly Language (MACRO-iS), which
initiates the Skip Chain (see reference 11) to receive interrupts from the
traverse rig console button . It is called by MAIN when MAIN is first loaded
and sets the parameter IFREE to zero.

When the traverse rig console button is pressed , control is transferred to
another part of TRSET , which clears the flag , turns on the Program Interrupt ,
sets IFREE to +1 and then returns control to the interrupt address.

At the beginning of each traj ectory point, MAIN tests IFREE to see if it
has been set positive (i.e., to +1). If it has, then MAIN calls Subroutine
TRFREE in order to perform the transformation to a “bomb-alone” trajectory.

TRFREE first sets the parameter FREE to +1. It then performs the
trans formation of coordinates as follows .

If a, b and e are vectors fixed in aircraft, bomb and earth axes respect-
ively, then

a = CA ! (83)

b = CB e (84)

and

b = C a , (85)

where CA ) CB and C are direction-cosine matrices as defined in equation (4).

Equations (83) , (84) and (85) then give

C B = C CA. (86)

Since the orientation of the bomb must now be referred to earth axes
instead of aircraft axes, the matrix C is replaced by the matrix CB, as
defined in equation (86) .

Similarly, if x = (x ,y, z) is the vec tor which, until the transition, has
represented the position of the bomb centre of gravity relative to earth
axes , then this can be expressed as

x = C~~ x + ~~~~, (87)

where is the vector which represents the position of the aircraft centre

of grav ity relative to earth axes. The components of are given in
equations (25) and (26). The vector x thence describes the position of the
bomb centre of gravity relative to earth axes.

Differentiation of equation (87) with respect to time gives

• / V 00
cos (DIVE) ’

\
= C~~’ ~~‘ (  0 ) (88)

sin (DIVE) /

Now U signifies the velocity of the bomb centre of gravity relative to earth

- 

axes rather than relative to aircraft axe~~
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Finally, TRFREE calls Subroutine DAUX (to set up the new derivatives),
sets the gravitational acceleration components (which are then constant) to
earth axes, and then prints a message on the line printer to signify that the
“bomb-alone” trajectory has begun.

Listings of TRSET and TRFREE are given in Appendix III.

4.4 General purpose routines (ARCTAN , TRANS. CTRANS and PARAB)
Functions ARCTAN (Y ,X) calculates the angle 0 whose sine is given by Y

and whose cosine is given by X. 0 can range from 0 to 27r.
TRANS and CTRANS are entry points to a single FORTRAN routine. For given

inputs ROLL, PITCH, YAW (Euler angles), INV and x , TRANS performs one of the
coordinate transformations

= Cx (INV = +1) (89(a))

or

= C~~ x (INV = -1), (89(b))

where C is calculated according to equation (4) and is the direction-cosine
(orientation) matrix associated with the transformation .

CTRANS is a special case of TRANS in that it transforms specifically from
aircraft to bomb axes (INV = +1) or vice versa (INV = -1). Since the nine
elements of C in this case are all dependent variables of the time integ-
ration, these elements are always available for use in equations (89) and
thus do not have to be calculated.

Subroutine PARAB simply fits a parabola

f(x) = a + b(x - xA) + c(x - xA)

to three values of the function f(x) and stores the coefficients in the
array ABC .

A listing of Subroutines ARCTAN, TRANS , CTRANS and PARAB is given in
Appendix IV.

4 .5  The flow measurement and probe traverse routines
Subroutine FLOW , together with its associated subroutines CALC , TRAV ,

TRWAIT , ADRD and PROBE , is responsible for finding the flow properties in
bomb axes at the twelve stations along the store centre-line .

FLOW first calls Subroutine CALC which
(i) transforms the coordinates of the first station from bomb axes to

aircraft  axes ,
(ii) Converts the coordinates from metres to inches ,

(iii ) div ides by the scale factor (SCALE) to convert from full scale to
model scale length measurements,

(iv) transforms from aircraft axes to traverse rig axes, and

(v) calls Subroutine TR.AV to move the yawmeter probe to the position
calculated.

TRAV is an Assembly Language routine which drives the traverse rig to the
wind tunnel coordinates (X ,Y,z) in the minimum time . It uses one hardware
register to drive three coordinate axes simultaneously thus making its opera-
tion somewhat complicated . A full description of TRAV can be found in
Section 3.8.2 of reference 5.

When the probe has arrived at the desired position , a probe settling
delay of six seconds is allowed (by TRWA IT) and then the necessary pressure
measurements are taken (by ADRD). Manifold , pitot and the two differential
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pressures (DP13 and DP24) are acquired through a Raytheon Multiverter
(multiplexed analog-to-digital converter), while the total pressure is

• acquired from a digital read-out of the Si wind tunnel Boulton-Paul manometers.
Having acquired the pressure data, FLOW again calls CALC in order to

start the probe moving towards the next measurement station. Thus, the
• probe movement to the next station and the processing of the measurements of

the current station can proceed in parallel , so that delays can be kept to
a minimum.

To calculate the flow properties at the current station from the pressure
measurements , FLOW calls Subroutine PROBE, which calculates the ratio of
pitot pressure to manifold pressure and prints an error message if this
ratio is less than one .

PROBE uses the pressure measurements from the yawmeter probe to calculate
a downwash and sidewash. This is accomplished by means of three probe
calibration data stores which reside on disk. The three files are as
follows :

• (a) TMACHT PRB resides on logical unit 14 (.DAT 168) and is a table of
Mach number as a function of pitch (PITCH) and the p itot-to-manifoig
pressure ratio (PRATIO) , PITCH ranging from 00 to 29° in steps of 1
and PRATIO ranging from 1 to 4. 2 in steps of 0.05. In the tables,
PRATIO ranges more rapidly than PITCH; that is, the first 6S table
entries are for a pitch of ~0, the next for a pitch 8f 10

, and so on
up to the last 6S values which are for a pitch of 29 . In general ,
the record number corresponding to a particular PITCH and PRATIO is
given by

R = 65.PITCH + 20(PRATIO-1)+l.

(b) PRATIO PRB is on logical unit 3 and is a table of pitot-to-t~talpressure ratio (RATIO) as a function of pitch ranging from 0 to 29
in steps of 1 and Mach number ranging from 0.4 to 1.4 in steps of
0.1. Again, Mach number ranges more rapidly than pitch.
In general , the record number corresponding to a particular PITCH and
MACH number is given by

R = li.PITCH + l0.MACH-3.

• (c) MACHC X PRB resides on logical unit 12 (.DAT 148) and is a table of
downwash angle and sidewash angle as functions of the differential
pressure coefficients (DC13 , DC24) and Mach number . DC13 and DC24
each range from -2 to +2 in steps of 0.1 and Mach number ranges from
0.4 to 1.4 in steps of 0.1.
Mach number ranges most slowly, then DC24 and finally DC13 ranges
most rapidly. Thus, the first 41 entries each give a downwash and
sidewash for a Mach number of 0.4 and a DC24 of -2, the next 41 entries
correspond to a Mach number of 0.4 and a DC24 of -1.9 , and so on up
to the last 41 entries, which correspond to a Mach number of 1.4 and
a DC24 of +2.
In general , the record number corresponding to a particular DC13,
DC24 and MACH number is g iven by

R = 412 (1O.MACH- 3) + 41(10(DC24+2)1 + l0(DC23+2) +1 .
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Returning to the operation of S’throutine PROBE, a pitot-to-manifold
pressure ratio is calculated, a pitch equal to the last pitch calculated
(obviously zero for the first time through) is assumed , and the f i l e  TMACHT

• (as described in (a) above) is accessed to give a corresponding Mach number
(M) .

After checking that the Mach number is in the range 0.4 to 1.4 , PROBE
then accesses PRATIO PRB (as in (b) above) to give a p i tot- to- total
pressure ratio for the assumed pitch and the now known value of Mach number.
This ratio , together with the measured pitot pressure , then gives an
estimate of total pressure , from which the static pressure is calculated

• from the formula

= / ~l + — PM2 /2~~ ’h
1’(7_1)

static total ‘- “ -‘ ‘

Dynamic pressure (q) is then given by the relation

q = ½ 7 P static M2 •

The calculated value of q, together with the measured different ial
pressures DP 13 and DP24 , enables the differential  pressure coefficients to be
calculated from the formulae

DC13 = DP13/q

• and

DC24 = DP24/q.

The f i l e  MACHC X PRB (as in (c) above) is then used to give values of
downwash angle and sidewash angle as functions of DC13, DC24 and M.

The downwash and sidewash then enable a new estimate of pitch to be
calculated and the process is then repeated using this updated value of pitch.
The i teration is said to converge when successive approximations for pitch
l ie wit hin 0.15 0 of each other but, in any event , an error message w i l l  be
printed and execution terminated if more than S i terations are required .

All  disk accesses are performed by subroutine READIN , wh ich reads from
the tables entries on either side of given values of the two independent
variables and then forms a two-dimensional l inear interpolat ion.

As wi th  the data bank of store coefficient s , the accesses to the disk
to obtain probe cal ibrations are carried out by means of Direct-Access
Input-Output commands, wh ich permit the user to d irect ly reference any record
in a f i l e  without indexing from the f i l e ’s beg inning up to the desired record .
Therefore , a l l  cal ls  to READIN must include , not only the logical unit
number to define the f i l e  to be accessed , but also a record number which is
calculated from the values of the independent variables under consideration .
PROBE thus contains the necessary algorithms for computing appropriate
record numbers associated with the files TMACHT, PRATIO and MACHCX.

When PROBE has calculated, relative to probe axes, the downwash angle
(DOWNP) and sidewash angle (SIDEP) for the current store measurement station,
control is then returned to Subroutine FLOW .

FLOW then uses the Mach number calculated by PROBE to determine the local
velocity and then the components of local velocity relative to probe axes.
These are g iven by
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(aI a~~
2 = ( 1 + 7~~~

l ?~~~)/ ( 1 + 7 l M 2 )  (90)

I V I  Ma (91)

= - I VI / .,/ 1 + tan2 (DOWNP) + tan2 (SIDEP) (92(a))

V~, = U~, tan(SIDEP) (92(b))

• and

W~ = U~ tan (DOWNP) , (92( c))

• where a is the local velocity of sound and the subscript 00 refers to free-
stream values.

V is the wind vector and is shown in figure 5 together with the probe axes
an3 the corresponding velocity components U~ , V~ and W~ .

The vector (U n , V~ . W~ ) is transformed , through the Euler angles probe
roll and probe pitch , to wind tunnel axes , then to aircraft axes and f inal ly
to bomb axes . The final velocity components (UMS , VMS, WMS) returned by
FLOW therefore represent the components of wind veloc ity relative to bomb
axes.

FLOW repeats the entire process for each of the twelve measurement stations .
To save time , the measurement stations are visited in the sequence
(1 , 2 , 3 , 12) for odd trajectory point s and in the sequence
( 12 , 11 , 1) for even t raj ectory points - a “zig-zag” effe ct .

Listings of Subroutines FLOW , CALC , TRAy , TRWAIT , ADRD , PROBE and READIN
are given in Appendix V.

4 .6  The uniform flow routines CORECT and CREF

Section 3.1 describes how uniform flow conditions are calculated at a
reference point .

Subroutine CORECT uses the methods of Section 3.1 to calculate the
effective incidence 

~~~ 
and the effective sideslip 

~~e~ ’ given by

a = ~~~~~ ~93)

• and

= 1 3 + 2 y ,  (94 )

where U , 13 and 7 arc , respectively, the incidence , sideslip and camber
defined in Section 3.1.

CORECT then returns control to the Main Program, wh ich calculates total
pitch 

~~~ 
and total roll 

~~~ 
according to the formulae

0T = tan~ (~/(V/U)2 
+ (WIU ) 2 ) (95)

and

= ARCTAN (V/U , W/U) . (96)
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Equations (95) and (96) derive from the equations (see figure 4)

U = -l vi ~~~~ °T (97 (a))

V = -l vi Si.fl 0T ~~~ ‘~T (97(b) )

and

W — -I VI 51fl 0T COS 
~PT) (97( c))

where V is the wind vector and U,V,W are the components of the wind vector
re1at i~ e to bomb axes.

The next step is to call subroutine CREF , which uses total pitch and
total roll to read the appropriate force and moment coefficients from
logical unit 13 (.DAT 158) of the disk.

• This uniform flow data store is named ‘MK82CX STC ’ for the Mk82 Bomb
data and is named ‘KARCX STC ’ for the Karinga store data. Each f i le
consists of 8 x 13 x 16 = 1664 record s , each record containing the 10
coeff icients cx , CY , CZ , CL , CM , CN , CLP , CMQ, CNP and CYP for given Mach
number , Total Pitch and Total Roll .  The last four coefficients are
dynamic derivatives and are given by

CLP = 
2V ~CL (Roll Damping) (98(a) )

CMQ = 2~ ~~M (Pitch Damping) (98(b))

CNP = 2V ~CN (Magnus Moment) (98(c))

and

cyp = 2~ ~~~~~~
‘ 

(Magnus Force) (98(d))

where D is maximum cross-sectional diameter , V is local velocity and p . q, r
are bomb Euler rates relative to total axes .

The range of Mach numbers is 0.4 , 0.5 , 0.6 , 0.7 , 0.8 , 0.85 , 0.9 and 0.95
(this range is currently beiflg extended to Mach 1.2) . Total 0roll ranges from

• -45°0to +45 in steps of 7.5 while total p itch ranges from 0 to 30 in steps
of 2

Mach number ranges most s lowly,  then total roll , and f ina l ly  total pitch
ranges the most rapidly. Thus , the ~irst 16 entries correspond to a Mach
number of O.~ and a total roll of -45 , the next 16 to M = 0.4 and total
roll = -37.5 , and so on up to the last 16 values which correspond to a Mach
number of 0.9 and a total roll of +45

In general , the record number corresponding to a particular Mach number ,
total roll and total pitch 

~
0T~ 

is given by

R = 208 (M - 1) + l6[ 
~‘~T + 45)/7.5] + [0

T121 + 1,
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where I I denotes the integer part and M is defined by

M = I 10.MACH - 31 for 0.4 ~~~ MACH ‘~~ 0.8

and

M = L20.MACH -111 for 0.8~~~MACH~~~0.95.

CREF calls READIN twice to determine the flow values at the Mach number
table entries above and below the required Mach number. It then interpolates
over Mach number to give the final values of the coefficients. The total
interpolation therefore consists of two two-dimensional interpolations over
pitch and roll (one for each call to READIN) plus a one-dimensional inter-
polation over Mach number.

Allowing for the dynamic derivatives, CREF then calculates the coefficients
relative to total axes as

TCX = CX (99(a) )

TCY = cY + p (99(b))

TCZ = CZ (99(c))

TCL = CL + aCL (99(d))

TCM = CM + q (99(e) )

and

TCN = CN + - r (99(f) )

wh ere CX , Cy etc. are read from the data store and the dynamic derivatives
are obtained via equations (98) also from the data store. It is assumed

that Finally, CREF transforms the six calculated coefficients

from total axes to bomb axes and then returns control to the Main Program.
Listings of CORECT and CREF are given in Appendix VII.

4.7 The non-uniform flow routine CINC

Subroutine CINC uses the methods of Section 3.2 to calculate non-uniform
flow increments to the coefficients calculated in Section 4.6.

Since Section 3.2 fu l ly  discusses the techniques involved, it is sufficient
to refer the reader to that section rather than repeat the descr iption here .

The derivatives ~~-, ~~ , ~~ required by equations (76) and (81) are calcul-
ated in the following way :
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(i) If the derivative is required at the point x., then CINC fits

the parabola

F = a + bx + cx2

successively through the points (x 2, x .1 , x.), (x11 , x1, x. 1)

and (x., x~41. x.~ 2) .

(ii) Each estimate of the derivative is then given by

dF = b + 2cx .

(iii) The arithmetic mean of the three estimates is then calculated to

give the final estimate of at the point x
1
. This averaging

technique gives good results and seems to obviate the problems which
arise in a simple curve fit when the points are unevenly spaced.

When CINC has calculated the non-uniform flow force and moment increments
at each of the bomb measurement stations (xi) ,  it integrates each contribution

• with respect to x to give the non-uniform flow and moment increments for the
entire bomb.

A listing of Subroutine CINC appears in Appendix VII.

4.8 The integration routines INN and DAUX

Subroutine INTM is simply a classical fourth-order Runge-Kutta integrator
similar to those which have been in existence for some years now.

Br iefly , let the system of equations to be solved be given in the form

* = f (x ,t).

If the point t has been reached and x(t) = x, INTM calculates in succession
the quantities

ko = hf(x , t),

= hf(x + ½k0 ,  t +

k2 = hf(x + ½k1 , t + ½h),

and

k3 = hf (x  + k2, t + h),

where h is the time step.
Then

x( t + h) = x( t) + (k0 + 2k , + 2k2 + k3)/6.
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In fact, INTM integrates 18 first-order differential equations at each
time step. To do this it uses the first 75 elements of the main program
matrix T.

T(1) is used to store time, T(2) is the current time and T(3) is the
time step.
T(4) to T(21) are the dependent variables to be integrated , where
(a) T(4) to T(l2) are the elements C(l,l), C(2,l), C(3,l),, C(1,2) 

C(3,3) of the direction-cosine matrix C as defined in equations (4)
and (47).

(b) T( 13) to T( 15) are X, Y, Z, the pos ition of the bomb centre of
gravity relative to aircraft axes,

(c) T( 16) to T( 18) are U , V, W , the velocity of the bomb centre of gravity
relative to aircraft axes,

(d) T(l 9) to T( 21) are the angular momentum components of the bomb
relative to earth axes, but expressed in bomb axes,

(e) T(22) to 1(30) are the rates of change of the direction-cosines in
(a) above , as given by equation (54) ,

(f) T( 31) to T( 33) are the rates of change of X, Y, Z in (b) above ,
(g) T(34) to 1(36) are the rates of change of U , V, W in (c) above, and
(h) T( 37) to T( 39) are the rates of change of the angular momentum

components in (d) above.

In add ition, INT?4 uses T(40) to T(75) as working storage.
Whenever INTM wishes to calculate the derivatives corresponding to the

18 first-order differential equations it calls Subroutine DAUX.
DAUX first updates the angular velocities p, q, r from the angular

momentum components by means of equation (40) .
It also re-normalizes the elements of the direction-cosine matrix by

means of the formula

= 

~ 
(i = 1,2,3).

The truth of this relationship follows from equation (4), which shows that
the sums of the squares of the elements in any row or column of the
direction-cosine matrix C is unity .

Next DAUX updates the bomb and aircraft rotation matrices ~2 and ~2 A
from the angular rates p, q, r and 

~A’ ~~ 
rA respectively, 

accord ing to

equation (15).
Then the following derivatives are calculated :

(i) The direction-cosine matrix derivatives (C), one for each of the
nine elements, given by equation (54) as

= fl
B

C _ C
~~~A

. (100)

(ii) The derivative (~~~~~~ ) 
of (X ,Y,Z), given by equation (34) as

= 

~~~~~~~~~ 
(101)

A
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(iii) The derivative (ü) of (U, V. W), given by equation (39) as

/ I.Lg sin(ATTACK)\
= ~~im - (  0 ) + ~~~ A u .  (102)

\-Mg cos(ATTACK)/

(iv) The derivatives (~~~~~~ ) of the angular momentum components, given by
equation (46) as

= !~~~~~~B~ 3.B• (103)

As noted in Section 4.2, the forces (~~~~~~ ) in equation (102) and the
moments (~~~~~~ ) in equation (103) are calculated by DAUX via a parabolic

extrapolation into the current time interval, in order to overcome an
inherent instabil ity in the integration process.

It should be noticed that, once the “bomb-alone trajectory” phase has
begun, the variables describing the state of the bomb are referred to earth
axes, and therefore DAUX then ignores the final terms of equations (100) ,
(101) and (102). That is, the 3 x 3 matrix �•1 A = 0.

A listing of Subroutines INTM and DAUX is given in Appendix VIII.

5. CONCLUDING COMMENTS

The Captive Trajectory Yawmeter System appears to be a successful means of
simulating store separation from aircraft. Results to date are most encouraging.
The technique of using a yawmeter probe in place of a model mounted upon a sting
decreases problems , such as scale effects, associated with small wind tunnels.

Since a typical trajectory requires approximately 30 mm of running time, the
CTYS is aimed at small continuous flow facilities. Because a settling delay of
approximately 5 s is required at each of the 12 measurement stations, probe
settling time therefore accounts for one minute per trajectory point. When, in
addition, the traversing time of the rig is taken into account, it is obvious
that the quoted total time of 30 mm cannot be reduced for any reasonable traject-
ory , despite the fact that data store accesses have been streamlined to the utmost
and are carried out in parallel with the traversing and settling operations.
Thus , the CTYS would be clearly unsuited to blowdown tunnels and very expensive
to use in large continuous flow facilities.

Ti”o extensions of the system are currently underway. Firstly, a model of
the ejectors is being developed (ref.4) so that store position, attitude and
rates at the end of the ejector stroke can be fed automatically to the program.
At present, these must be supplied by the experimenter as input parameters.

Secondly , it has been found(ref.2) that the yawmeter probe can give spurious
readings when it is positioned too close to any part of the aircraft surface,
such as bomb racks. Consequently, off-line measurements are currently being
made, to provide a data store of aerodynamic coefficients as a function of
position and attitude whilst the probe is located within this difficult region.
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NOTATION

AROLL ,APITCH ,AYAW Euler Roll , Pitch and Yaw of airc raf t relative to Ear th
axes

C direction-cosine (coordinate transformation) matrix

C
D cross-flow drag coefficient

- - thC ., . 13 element of C
13

D cross-sectional diameter of bomb (metres)

DIVE aircraf t dive angle

F external forces on bomb

‘xx’ ‘yY’1zz moments of iner tia of bomb about its principal axes
(k gm m2)

K •. mean chord of aerof oil

M Mach number

M external moments on bomb (newton-m)

S cross-sectional area of bomb (= ~r D
2 /4)

T ambient temperature

U,V ,W velocity components of bomb C.G. relative to Aircraft
axes (mis)

X,Y,Z coord inate axes; position of bomb C.G.  (metres)

~~~~~~~ position of aircraft C.G. (metres)

XF ,YF ,ZF coord inates of bomb ’ s reference fin relative to
Aircraft axes (metres)

XN ,YN ,ZN coord inates of bomb’s nose relative to Aircraft axes

Y,Z cross-force components (see Section 3.2)

a speed of sound (m/s)

vector fixed in Aircraft axes

b vector fixed in Bomb axes

e vector fixed in Earth axes

f potential cross-force (see equation (75) )

g gravitational acceleration (9.80665 m/s)

h height of aircraft ; mean height of aerofoil

• _
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• h angular momentum vector (newton-m-s)

m mass of the bomb (kgm)

p static pressure (newton/rn2 )

p,q, r angular rates of rotating system about its own X,Y,Z
axes respectively

q dynamic pressure (½ p V2 ) newton/rn2 )

t time (s)

U see equation (33)

x ,y, z position of aircraft C . G .  relative to earth axes

£2 angular rotation matrix

a incidence

LI
e 

eff ective incidence (a. + 27)

sideslip

effective sideslip (13 + 27)

7 wing camber (=h/ c) ;  ratio of specif ic heats

Euler Roll , Pitch and Yaw

Projected Roll , Pitch and Yaw

crossflow-drag proportionality factor (see Section 3.2)

Mg centripetal acceleration of aircraft trajectory

P local air density ; radius of curvature

angular rotation rate vector

Subscri pts
A Aircraft axes

B Bomb axes ; Buoyancy

E Earth axes

P Potential ; Probe

T Total axes

V Viscous

U Un iform Flow

0 ini t ial  conditions

00 free-stream conditions

• £414
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• APPENDIX I

LISTINGS OF THE CONSTANTS EDITOR (EDCON)

E D C O N  D A T E ; 2~~-6-77

C C T S  C O N S T A N T S  E D I T O R

C C A L L I N G  SEQUEHCE~
$A RIC A -5

C $GLOA D
C L O A D E R  Y 3 A B B O

>_ E DCOW <A ITMODE >

D I M E N S I O N  FILE (2 )
DIM ENS ION XN S( I2 )~ DMS( 12) ,  ANS ( 12)
D I M E N S I O N  1(329), 11 (5). TS ( 1?)
D IME NS ION C ( 3 ,3), PV C 3 > 1  DELPV ( 3), PAY ( 3)
D I M E N S I O N  FSV ( 3~ 6),TI MES ( 3), AB C ( 3 ,6)

C ** * s * T I M E ,I N T E C R A T IO N  T I N E  STEP
LOU I V A L E N C E (T (  2), T LN E )~ (T( 3), Dl )

C *** **DI RECT IO H COSINES D E F I N I N G  O R I E N T A T I O N  OF BOMB V I T H  RESPECT TO
C A I R C R A F T .

E Q U I V A L E N C E  (T (4) .C 1t ,C ) . (T (5)1C21 )1 (T ( 6) ,C31)
E Q U I V A L E N C E (T (? ) ,C12),(T (8) ,C22 ), (T (9),C32 )
E Q U I V A L E N C E  (T (1 B ) 1 C 1 3 > ~~(T ( 11 >1 C2 3 )1 (T (12 ),C 33 >

c ** s ** P OSI T ION OF BOMB CENTRE OF G R A V I T Y  IN A I R C R A F T  AXES
E Q U I V A L E N C E  (T (13) ,X), (T (14),Y),( T (15),Z)

•:* ** *aV ELOC ITY OF BO M B  C .G .  IN A I R C R A F T  AXES.
EQU I V A L E N C E  (T ( 1 6), U), (1 (17)~ V ) (T (18)1 W )

C * * *** A NGUL A R M O M E N T U M  OF BOMB IN BOMB AXES
E Q U I V A L E N C E  (T (19) .HX),(T ( 20) ,HY) ,(T (21 )..HZ )

~*****RA TE OF CHANCE OF DIRECTION COSINES A B O V E
E Q U I V A L E N C E  (T (22> ,DC 11 ),(T (23) .DC2I )..(T( 24 ),DC3 1 )
E Q U I V A L E N C E  (T (25) ,DC 12 > ,(T (26),DC22 ) ,(T ( 2? ),DC 32 )
E Q U I V A L E N C E  C T (28 ),DC13 ) ,( T (29)~ DC23 ),(T (3B ),DC3 3 )

C* * s **R AT E OF CHANCE OF X ,Y S Z ,A B O V E
E Q U I V A L E N C E  (T 31 )~~DX )1 ( 1 (32 ) ,DY ), (T (33 ),D2 )

C * * * ~~* R A T E  OF CHANGE OF U ,V ,W  A B O V E
EQU I V A L E N C E  (1 (34), DU ) , (1( 35 ) ,DV ) , (1 (36), DV )

C* **** RAT E OF CHANGE OF H X S H Y ,H Z  A B O V E
LO U I V A L E N C E  C T( 37), DHX ),(T (38), DHY ), (T (  39 ) ,  DHZ )

C ****aT (4 9) TO 1 (75 ) RESERVED FOR IN TN .
C * * * * * A I R C R A F T  R O T A T I O N  A N G L E S  W . R . T .  E ARTH AXES

E Q U IV A L E N C E  T (7 6),AR QLL ) . (T (77 ) .APZTCH )1 (T (79 ),AYAV )
C* ****BONB MO M E N T S  OF INERTIA

E Q U I V A L E N C E  (T (? 9 ),A XX ;, (T (8 9>.AYY ),( T (8 1 ),AZZ )
C ’*s* .BOIl B MASS (KC N )

E Q U I V A L E N C E  (T ( 82 ),STNA SS )

~:**** spROBE ROLL AND PITCH ANGLES V . R .T .  T R A V E R S E  AXES
EQU I V A LENCE (1 (83), A PTRO L ) ,(1 (84), A PTP IT )

~st*~~s T 1flE L I M I T  FOR D R O P ,A I R  T E M P E R A T U R E  (DEC C),
L * ** **BO N B C C .  tIE TRES FROM TA IL ) .~~IRC R A F T  H E I C H T (N E T R E S ) ,
C * * ** ,BOM B SCALE (AS IN 1/SCALE ) .T (98 ) S P A R E I S P E E D  OF SOUND .
L S **** A C C ELER A T IO H DUE TO G R A V I T Y . T (9 3 )  SPARE

E Q U I V A L E N C E  (1 (85). TLIMI T) , (T (86) .TEM P ) ,(T (87 ) X CC ) ,
1 (1(88), HGHTB ). ( 1 ( 8 9 ) ,  SCA LE )~
2 (T ( 91 ),VS OUND ) , (T (92 ), CRAV AC )

c.** ,C TO TA L PITCH AND ROLL OF 80M B IN F L O V F I E L D  AT REFERENCE POINT .

~~~~ E Q U I V A L E N C E  (1 (94). THETOT), ( 1 (95), PHITOT )
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C* * .* * F R E E  S T R E A M  M A C H  H U N B E R I M A X  BOMB A R E A . M A X  BOMB D I A M E T E R
LOU I V A L E N C E  ( 

~~ 96 ) .  R M A C H H  ) , (T ( 9 7 ) ,  A MA X  ) , (T ( 9 8 ) ~ D M A X )
C ssss *A IRCRAFT ANGLE OF ATTACK

EQ UIVALENCE (T (99),ATTACK )

C***saT (IHB ) TO T (193) SPARE.
C

C a * * s * F R E E  STR EAM D Y N A M I C  PRESSURE
EQUIVA LEHCE ~T (l 94)1QDPB)

C****SVIND FORCES ON BOMB IN AIRCRAFT AXES.
EQU IVA LENCE (T(195),VX ),(T (196),VY ),(T ( 107).WZ )

C***SSVIH D MOMENTS ON BOMB IN BOMB AXES .
EQ UIVALENCE (Tt1 98),UL>, (T (199)1VM ),(T ( 119).VN )

C**** SAIR CRA FT ROLL ,P ITCH 1YAV RATE ABOUT AIRCRAFT AXES
tQU IVALE HCE (1 (111 ),PA ,PAY),(T (112),QA ),(T ( 113 ),RA )

C

C * * * a *  FREE = - 1 .( + I .  ) IF BOMB-ALONE T R A J E C T O R Y
C IS NOT (IS) OPERATING .
C —

EQUIVALENCE (T(114),FREE )
C * s * * * A L P H A  A N D  B E T A  O F  B O M B  U S E D  FOR C A L C U L A T I N G  C O E F F I C I E N T S

EQU I VALENCE C T( 115 ) ,ALPH A ) ,(T( 116) ,BETA )
C * * * , * A I R C R M F T  A C C E L E R A T I O N S  IN A I R C R A F T  A X E S .

E Q U I V A L E N C E  ( T ( 1 1 ? ) , A X ) , ( T ( 1 1 8 ) , A Y ) , ( T (  1 1 9 ) . A Z )
• C * * * , * F O R C E S  ON BOMB C C .  IN AIRCRAFT AXES.

LOU I VALENCE (IC 129), FX. (IC 121), FY ),(T (122), FZ)
C*****MOMENTS ON BOMB ABOUT BOMB X ,Y ,Z AXES

EQUIVALENCE C T (123),FL),(T (124),FM),(T ( 125).FN )
C** ***ROTA T ION ANGLES DEFINING ORIENTATION OF BOMB V. R. 1 .AI R C RA FT.

LOU I VALENCE (1(126), ROLL ) • (1(12?), PITCH), (T( 128). YAW )
C*****ROLL ,PITCH ,YAW RATES OF BOMB ABOUT BOMB X ,Y ,2 AXES

EQ UIV A LENCE (T(129),P,PV),(T ( 139),Q>,(T (131),R )
:~***** pRESSU RE AT HE IGH T ,DYHA NI C PRESSURE AT HEIGHT .

EQUIVALENCE C T( 132),PRESS)..(T (1 33),QDPALT)

~*****DEGREE S TO RA D IA H S ,RA D I A N S  TO DECREES
EQUIVALENCE (T(134),DTR),(T ( 135),RTD )

C*s **i.VELOC ITY OF AIR AT -INFINITY-
EQ UIVALENCE (T(136 ).VE LINF )

~*****AI p C RAF1 SELF-ROTATION-RATE MATRIX.
EQUIVALENCE (T(13? ),A R 11 ).(T( 138).AR2I ),(TC 139). A R3 I
EQ UIVALENCE (T (t 49),ARI2), (T ( 141).AR22),(T ( 142 ),AR3 2~
EQU I VALENCE ( 1 (143), A R t 3> . ~ 1(144), AR 23 ) ~ C T( 145). AR3 3 )

C s****BOMB SEIF-ROT AT ION-RAT E MATRIX -

EQ UIVALENCE (T(146),BR1I ),(T (147),8R21), (T (148),8R31)
LOU I VALENCE C 1 (149 ) BR L 2> , (IC 159> , 8R22 ) ~ C T( 151) ,  8R3 2
EQ UIV A LENCE (T( 152),8R13),(T ( 153),BR23),(T (154),8R33)

css*s*T (155 ) TO 1 (169) SPARE.

C *~~~**GRAV ITY FORCE IN AIRCRAFT AXES .
E Q UIVALENCE C 1 (161 ),GX),(T (162),CY),(T (163)1C2 )

~*s***DI yE ANGLE OF AIRCRAFT.
EQ UIVALENCE C 1(1 64 ),DIVE )

C4** .*P I ,TV Q PI ,CONVERSIOH FROM METRES TO INCHES
LOU I VALENCE (1(165). P1 )1 (T( 166), TWOP I), C T( 16?) ,CM I )

• C,**. CEN IRIPETAL ACCELERATION OF AIRCRAFT C IN C’S)
EQ UIVALENCE (T(168).GF )

C** .**HT ALL MEASUREMENT STATION S. A RE A S ,DIAM ETERS .DYN A M IC PRESSU RE .
C*s .*sMA CH N U MB ER ,U ,V,W (WIND VE LOCITY CON PON EN TS. BOMB AXES ),
Cs ’s s *AN D MEASUREMENT STATIONS (C C =B.HOSE +VE ,I .E ,BONB AXES )

~~~~ EQU IVALENCE ( T ( 1 6 9 ) . A M S ) , ( T ( 1 8 1 > , D M S ) . ( T ( 1 9 3 ) , Q N S ) .

• _ _
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I ( I ( 2 B 5 ) , R M S ) , ( T ( 2 1 ? ) . U M S ) , ( T ( 2 2 9 ) , V M S ) ,~~I ( 2 4 1) ,W M S ) ,
2 ( T ( 2 5 3 ) , X N S )

Ca * * .* F R E E S T R E A M  A E R O D Y N A M I C  CO E F FS BOMB AXES
EQ U I V A L E N C E  ( 1 ( 2 6 5 ) .  C X ) ,  ( 1 ( 2 6 6 ) ,  C V ) ,  ( T (  26 7 )~ CZ ),
1 ( 1 ( 2 6 8 ) ,  C L ) 1  ( T (  2 6 9 ) ,  C M ) ,  ( T (  2 ? 9 ) ,  C M )

C s * a * * I N C R E M E N T S  TO CO EFFS DUE TO NON-UNIFORM FLOW
E Q U I V A L E N C E  ( 1 ( 2 7 1  ) , D C X ) , ( T ( 2 7 2 ) , D C Y ) , ( T ( 2 ? 3 ) . D C Z ) .
1 ( 1 (2 7 4  ) . DCL  ) .(  IC 2 7 5 ) ,  0 C M )~ ( I C  276 ), 0 C M >

c * * * s * P R O B E  PRESSURE M E A S U R E M E N T S
E Q U I V A L E N C E  (

~~~2 7 7 ) , D P 1 3 ) , ( T ( 2 ? 8 ) . D P 2 4 ) 4
• T~ 279 PHA N ). 1. 28 8 ) ,  PPIT ) , (  T< 281). TPRESS )

C ARE A TO SA VE COEF FICIENTS AT PREV IOUS 2 TRA J. PO I N T S .
E Q U I V A L ENCE T(282 )~ FSV),(T (3B9),TJMES),(T (39 3),ABC )

C

Cs****NO OF MEASUREMENT STA TIO HS ,RE F POIN1 ,INT EC RATI OH LIMITS .
EQUI VALENCE C tIC 1),NMS )~~(IT( 2).HREF),( IT (3 ),HBACK )
EQU I VALENCE C II(4)~~HFRONT ),( IT (5),NPR !NT)

C
EQUIVALENCE (TS(4), ROLLS ), (TS(5)~ P I TCHS ). (TS (6 ), Y A W S )
LOU I VALENCE ( TS( 7 > 1  PS), ( TS( 8), OS ),(TS(9), RS)
EQ UZV RLEP4CE (TS (1B),ATTACS ), (TS (11),DIVES)
EQU IVALENCE C ISC 12 )1PAS ) , (  TS (13), QAS >, C TS( 14), RAS )
EQUIVALENCE (TS( 15> .SPTROL ), (TS (16),SPIPIT)
EQ UIVALENCE (DELPV (1)~ DELP),(DELPV (2).0ELQ),(DELPV (3).DELR )

1.
C CONSTANT D A T A ~
I-

DATA AN SNO/SHN / 1 A NS Y E S / 5 UY  / , P 4 M S ’ 12 /
DATA NREF/2/.NBA CK/ 3/,N FRONT/12/
D A T A  P 1 /3 . 1 4 1 5 9 2 6 5 / ,  CMI /39 . 379979/  ~ C R A V A C / 9  .8 966 5/
DATA DTR/ 9.017453293/1RTD/5?.295?8/

C
T AN (  X ) = S IH( X ) / C O S (  X )

C

F O R M A T ( / / / I X ’ C T S  C O N S T A N T S  E D I T O R ’ / / IX ’ E N T ER FILE NAME ‘ )
2 F O R M A T ( A 5 , A 4 )
3 F O R M A T ( / / I X , ’ C R E # T I NC H EW F I L E ?’ )
4 F O R MA T ( / / 1X ’ * * * BO M B  P A R A N E T ERS** *  )
11 4  FORMA T (/IX ’NONEN TS OF IN ERTIA’ )
5 FOR $AT (IX ’IX (KGM M2):’F12.5 >

F O R M A T ( F  1 2 . 6 )
7 FORMA T (1X ’IY (KGM M2)~~’F12 .5)
8 FORMAT (1X ’IZ (KCN N2):’F12 .5)
9 FQ RMAT (/IX ’MA SS (KCM ): ’F12 .5)
19 FORNA T (/IX ’C .C . POSH (METRES FROM TA IL )’F 12.5 )
11 FOR MA T /IX ’BOMB SCALE (S AS ZN 1/S): ’F12 .5>
12 FORMAT (/1X ’ENTER’ .1 4.’ MEASUREMENT STATIONS (N)’//)
13 FORMA T (//IX’ENTER ’ ,I 4,’ DIAMETERS AT NEA S . ST ATIONS (M)’/)
14 FORNA T //1X ’POSH OF BOMB C C .  (AIRCRAFT AXES )1 )
i S  FORNAT (IX ’X (METRES) :’F12 .5>
16 FORPIA T (IX’ Y (NETRES ): ’F12 .5>
17 FORMA T (IX ’Z (METRES ); ’F12 .5)

FORMAT (//IX’ VELOCITY OF BOMB C C .  (AIRCRAFT AXES )’)
1 9 FORMA T (LX’ U (M /S> : ’F12 . 5)
2 9  FORMA T (1X ’V (N/S); ’F 12 .5)
21 FORN#T (IX’V (fl/S): ’F 12 .5)
2 2! FORMA T (//IX ’ BOMB ATTITUDE (AIRCRAFT AXES )’ >
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F O R N A T ( / / IX ’A N G U L A R  R A T E S  ( BOMB A X E S ) ’  )
23 FORMAT (1X’ROLL RATE (DEG/S): ’F12 .5)

• 24 FORMAT (1X ’PITCH RATE (DEG/S): ’F12.5)
25 F O R M A T ( 1 X ’ Y A W RA TE ( DE G / S ) : ’F12 . 5 )
26 F O R M A T ( / / 1 X ’ s s * A I R C RA FT PARAMETERS •* * * ‘)

126 FOR$AT (/1X’HE [CHT (METRES ) :‘F12 .5)
2? FORMAT (/ 1X ’A NG LE OF ATTACK (DEC ) : ’F12 .5)
28 F O R N A T ( / 1 X ’ D I V E  ANGLE ( D E C ) ; ’F12.5 )
29 FO R M A T ( / / I X ’ A N C U L A R  R A T E S  ( A I R C R A F T  A X E S ) : ’ )

• 39 FORMAT (//1X’ ***PROBE ATTITUDE (TUNNEL AXES)*.* ’)
31 FORMAT (IX ’ROLL ANGLE (DEC): ’F12 .5)
32 F O R M A T (1 X ’ P I T C H  ANGLE (DE G ): ’F12 .5 )
33 F O R M A T ( I X ’ Y A W  ANGLE ( D E G ) ; ’ F 1 2 . 5 )
3? FORHA T (//IX’ **aMI SCELLANEOUS INFORMATI OH *** ’ )
38 FORMAT (1X’C EN TR IPETA L AC CN OF A I R C R A F T  ( I N  C ’ S ) : ~~F 1 2 . 5 )
39 FORMAT (IX’ T IME STEP (S); ’F12 .5)
4 9 F O R M A T ( I X ’ F R E E  S T R E A M  MACH N O . :’F12.5)
42 F O R M A T ( / I X N B O M B _ A L O N E P R I N T  INCREMENT ( IN D T ’ S ) ; 14 )

• 41 F O R M A T ( I X ’ T I M E L I M I T FOR DROP ( S ) : ’ F 1 2 . 5 )
C
1891 F O R M A T ( / I X ’ A L T E R  P A R A M E T E R S ? ’ )
1892 F O R M A T ( ~’ 1 X ’ E N T ER N ,UHERE N= ’/ IX ’ t  BO N B ;2  A I R C R A F T ; 3  PROBE ;

14 M I S C E L L A N E O U S ; ’
2 / 1X ’ 5  MEASUREMENT S T A T I O N S ; 6  D I A M E T E R S  AT M . S . ’ / )

188 3 FO R NA T ( I 2 )
1 .99 4  F O R M A T ( / 1 X ’ E H T E R NUMBER OF C H A N G E S ’ )
1995 FORNAT (/IX’XM S (L ); ENTER L .CA RR IAGE RETURN ITHEN VALUE’ )
1996 FORMAT (/IX ’DNS (L ); ENTER L ,CA RR IAC E RETURN I THEN VALUE’ )
199? FORMAT (/IX ’FILE NAME NOT KNOWN - TRY A GAI N ’’// )
1988 FORMA T (/IX ’ ENTER N .AS DEFINED ABOVE’ )
1899 FORMA T (1X ’ : ‘)
1819 F O R N A T ( / 1 X ’ F I LE ALREADY PRESENT ON DISK - DO YOU W I S H

I TO D I S C A R D  IT? (V / N ) ’  >
C
18 1  FO R M A T ( I X ’ C T Y S  C O N S T A N T S  FOR FILE ‘ ,A 5 . . A 4 / / )

4 9 0 2  F O R M A T ( A 1 >
C
C

T W OP 1=2 .  SPI
P14=PI/4
I O L D = 1
I P R T D = I

C
C A S K  F O R  F IL E  N A M E
C
1099 W R I T E ( 4 , 1 )

READ (7 ,2 )F ILE
C
C A SK IF C R E A T I N G  NEW FILE.

I R S T I
C A L L  C T R L P
GO TO (2O1 ,282~ 2B3 ,294,295~ 296~ 297)~ I R S T

2 0 1 W R 1 T E ( 4 , 3 )
REA DC 7, 4892 )ANS
IF (ANS.E Q .ANSNO ) GO TO 1909
C A L L  F S T A T ( 2 S F I L E I I P R E S )
L F ( I P R E S . E Q  8 )  CO TO 382
UR ITE (4 . 191 9)
REA D (?..4 992 ) AN S
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IF (ANS .E Q.AN SYES GO TO 382
CALL  C L O S E C 2 )
CO TO 1099

C

C YES . HEW FILE .
392 LRSI=2
282 V R ITE (4 ,4 )
C

• C A SK FOR POSITION OF BOMB C .G. (AIRCRAFT AXES>.
W R IT E (4 ,  14)
V R IT E (4 , 15 )  X
CALL D E C D E ( X )
W R I T E ~.4 , 1 6)  V
CALL D E C D E ( Y )
U R IT E(4 , 1? )  Z
CALL DECDE (Z)

C
C ASK FOR VELOCITY OF BOMB C C .  (AIRCRAFT AXES).

W R I TE ( 4, 18)
VRITE (4,19) U
CALL D EC D E (U )
W R I T E t 4 1 2 R )  V
CALL  D E C D E ( V )
V R I T E ( 4 , 2 1 )  U
CALL DECDE (W )

• C
C ASK FOR BO M B  A T T I T U D E  (A I R C R A F T  AXES ) .

W R I T E ( 4 ,  121)
W R I T E (  4 ,3 1  )2O LLS
CALL DEC D E( R U L L S )
W R I T E ( 4 , 3 2 )  P IT CHS
CALL  D E C D E ( P I T C H S )
W R I TE (4 1 33) YA W S
CALL DECDE (YAWS )

C
C ASK FOR A N G U L A R  RATES (BOMB AXES ) .

W R I T E (  4 ,2 2)
V R I T E ( 4 ,2 3 )  PS
CALL DECDE (PS )
W R IT E ( 4 ,24) OS
CALL DECDE ( Q S )
W R I TE ( 4 ,25) RS
CALL DECDE (RS )

C
C ASK FOR BOMB P R I N C I P A L  MOMENTS OF I N E R T I A .
C

U RITE C 4 ,714 >
C IX (K CM M2 )

• W R I T E ( 4 , 5 )  A X X
CAL L DEC DE( A X X )

C
C IV (KCM M 2 )

URITE (4,7) AV Y
CALL D E C D E (A Y Y )

C
C 12 (KCM M2)

URITE (4,8) AU
CALL D ECDE (A ZZ )

C
C MASS OF BOMB (KCN )L~~ . . .~~•
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WRITE (4,9) STMA SS
CALL DECDE (STHAS S )

C
• C C.C. POSITION (METRES FROM TAIL )

W R ITE ( 4 ,1B ) XCG
CALL DEC DE (X C C )

C
C SCA LE ,AS IN I/SCALE.

W R ITE ( 4,1 i )  SCALE
CALL DECDE (SCA LE )
CO TO (3 93, ?3 )1101D

C
C GET THE ‘NM S’ M E A S U R E M E N T  STATIONS.
393 IRST =3
293 WR ITE (4 ,12 ) t4fl S

DO 598 L= 1 ,NMS
• 588 CALL D E CDE C X MS (L ) )

C
C GET D I A M E T E R S  AT THESE M EASURED STATIONS.

I RS T= 4
204 W R ITE (4 ,13 )NM S

DO 581 L = 1 ,N M S
5 91 CALL DECDE ( DM S (L ))
C

• C* *** ***A CQU IRE A I R C R A F T  PARAMETERS ** * ***
C
385 IRST = 5
285 M R ITE (4 ,2 G )
C
C A I R C R A F T  HEIGHT ( M E T R E S )

W R ITE ( 4,126 ) HCH TO
CALL DE CD E (HCHTO )

C
C A N C L E  OF A T T A C K  (DEGREES ) .

WRITE (4,27) ATT A CS
CALL DECD EtA TTA CS >
A TI A CK =A I TA CS* DT R

C
C D I V E  A N G L E  (DECREES ) .

UR ITE (4 .28) DI V E S
CALL DECDE (DIYES )
0 I V E = D  I V E S *D T R

C
CO TO (386 ,?3 ),IOLD

C
cs*ss*aaA SK FOR PROBE A TTITUDE **sa .,
C

306 IRSTa6
2 86  W R I T E (4 ,3 9 )

C PROBE ROLL (DECREES )
WR 1TE (4 , 31 ) SPTROL
CALL DECDE ( SPTROL )
A PTROL = SPTR O L *DTR

C PROBE PITC H (DEGREES ) .
V R ITE ( 4,32) SPTP IT
CALL DECDE SPTP IT )
AP TP IT— SPTP IT .DTR
CO TO (30?, ?3)~~I O L D
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U
C
C * * * * * A C Q U I R E  M I S C E L L A N E O U S  INFORMA l  IO Nss* * *
C
397  IRST=?
287
C
C C E N T R I P E T A L  A C C N .  OF A I R C R A F T  (IN C ’S) .

W R IIE (4 , 38) CF
CALL DECDE ( CF )

C
C TI M E  STEP (SECONDS )

W R I T E ( 4 .39) DI
CALL D E CDE (DT )

C F R E E  S T R E A M  M A C H  N U M B E R .
V R I T E ( 4 , 4 8 )  R NA C H H
CALL DECDE ( RMA C HO )

C NUMBER OF T I M E  I N C R E M E N T S  BEFORE PRINT ING
C ( D U R I N G  B O M B - A L O N E  T R A J E C T O R Y ) .
C

W R I T E 4 , 4 2 )  H P RINT
CALL I D E C D ( N P R I NT )

C T I M E  L I M I T  FO R D ROP ( S E C O N D S ) .
W R I T E  4~~4 1)  TL IMIT
CALL DECD E( T L I M I T )
CO TO (6666~~73 ) 1 I O L D

C * * * . s * * * * NQ D I FY  E X I S T I N G  C O N S T A N T S  BL O C K* * * *

: 0 9 0  1010=2
CALL  F S T A T ( 2 1 F I L E , L P R E S )
I F& I PRE S .ME . 0) GO TO 72
V R I T E ( 4 ,  ~887)
C O  T O  1899

72 CALL SEEK (2~ FILE )
R E A D ( 2 ) T ~ I T , T S
CALL CL O S E(2 )
C A L L  CT RL P

7 3 W R I T E ( 4 , 1 8 8 t )
READ (7 , 4882 > ANS
IF (AH S.E Q. A I4 SNO> CO TO ~666GO TO ( 11 B8~~t 1 8 1) . I P RT D

1188 I PRTD =2
W R I T E (  4 , 1 8 9 2 )

1181 W R I T E ( 4 , 1 8 88 )
REA D (7 . 1883) NSYS
t F (  N S Y S .  L T .  1 . O R . N S Y S .  C T .  6 )  GO TO 1108
GO TO (302 ,395 ,306 .307 , 39 91310 ) ,HSYS

389 W R ITE (4 ,188 4 )
R EA D (7 , 1883 ) NCH
IF N CH.LE . 0.OR .NCH .G T.NM S ) CO TO 73
W R I TE (4 , 1095)
0074 J J = 1 ,H C H
WR IIE (4, 1099)
RE A D (? ,190 3 ) L

4 CALL DECDE ( XNS (L ))

~° ~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 

•

~~~~~~
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C
31 9 W R IIE (4 .1004 )

READ (? ,1803 ) NCH
I F (N C N . L E . O . O R . N C N .C T. NM S ) GO 10 7 3
W R ITE (4 , 108 6)
DO ?5 J J = 1 ,NCH
WR I TE (4 1 1089)
REA D (?11803 ) I

75 CALL DEC DE (DM S (L ))
GO TO 73

C
C
C FIND EULER ROLL , P ITCH & Y A W .
C
C
b 666 ROLL=ROLLS *DTR

P ITCHR=P I ICHS *DTR
T PCH=TA N ( P I T C HR )
YAU SR=YAWS *DTR
T VU =TAN ( YAW SR )
SRL =SIN ( ROLL )
CRL=COS ( ROLL )
T API I 4= TPC 14* CR L + TYW* SRL
PITCI4=ATAH ( TANTH >
COSTH=COS (P ITCH )
T A H B = ( T Y W S C R L - T P C H * S R L ) * C O S T H
YAW = AT A N TA NB )

C
C C A L C U L A T E  FREE STREAM V E L O C I T Y
C

TEM P=14. 99— 8. 896 5*H CH TO
V SO UND = SQRT C 40 1 . 742 *TEMP+19 9899 . 48 )
VE L I H F = V S O U P 4 D s R M A C H B

C
C CALCULATE AIRCRAFT ANGULAR RATES
C ASSUMES A R O L L = P I  A N D  A Y A V ~ 0.
C

P4= 0.
Q A = G F * G R A V A C / V E L I N F
R A = B .

C
C CONVERT TO DEC/S FOR PRINTING .
C

PA S=8 .
QA S=QA sRTD
RAS =B.

C
C F I N D  A R E A S I M A X  A R E A . MA X  D I A M E T E R
C

D M A X = B .
A M A X ~ A
00780 L= 1 ,N M S
AN S ( I )=P I 4*DMS ( L )**2
IF DN S (L ) . L E . D M A X )  GO TO 700
D M A X~ DNS (L )
AMA X z A M S ( L )

7 0 8  C O N T I N U E
C
C
C IN ITIALI ZE DIR ECTION COSINES OF BOMB W .R.T. AIRCRAFT. 

-- •~~.-~~~ .- ~~~~~~~~~~~ .-.-
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U
SR=S IN (ROL I )
CR=COS ( ROLL )
SP=S IPI( PITCH )
CP=COS ( PITCH )
SY = S I H (Y A W )
CY=COS ( YAW )

• CII CP*CY
C 12=S R *SP *CY+CR *SY
C t 3=~ CR*SP*CY+SR sSY
C2 1=—C P * SY
C 2 2 = - S R I x S P * S Y + C R a C Y
C2 3= CR *SP *SY + SR sCY
C3 1=S P
C 3 2=—S R *CP
C3 3= CR SC P

C
C C A L C U L A T E  ANGULAR R A T E S  OF bOMB (IN BOMB A X E S )  W .R . T  F IXED
C EART H A X I S  SYSTEM .
C
C FIRST CALCULATE DELP , DEL O & DELR FROM PROJECTED
C ROLL , PITCH A N D  YAW RATES.
C

R R = P S a D T R
PP=OS*DTR/COS ( PITCHR )a*2
YY=RS*DTR/COS ( YAW SR )**2

C
• D E L P = C 2 1 * ( C 3 2 * Y Y — C 3 3 * P P ) + R R * C P / C Y

DELQ= C it* (C33*PP—C32*YY )
DELR=C1I* (C22 sYY—C23*PP )

C
C HOW ADD (C ). (PA>, THE AIRCRAFT ’S ANGULAR
C RATES W.R. 1. FIXED AXES , TRANSFORMED TO BOMB AXES.
C ( P) = (C ) (PA ) + (DELP )
C

00881 1=1 ,3
SUM= 9.
00890 J t ,3

880 SUN = S U M + C ( I , J ) * P A V ( J )
881 PV I )=SU M +D ELPY (I )

C
INITIAL ANGULAR MOMENTUM OF BOMB (KCM N2/S )

C
H X= A XX
HY=AYY ’s’Q
H Z = A Z Z sR

C
C C A L C U L A T E  A I R C R A F T  A C C E L E R A T I O N S  ( IN A I R C R A F T  A X E S ) .
C

C FC = CF *CR AY AC
A X = C F G * S I N (A T TA C K )
A Y= 9
*Z=-C FG *COS (A TTA C K )

C
C WRITE T B LOCK ON D I S K .
C

CALL ENTER (2 .FILE )
WR ITE (2 ) T,IT ,TS
CALL CLO SE (2 )
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C
C
C P R I N T  ALL C O N S T A N T S  ON THE L I N E  P R I N T E R
C
C V R ITE ( 9,6749)T
C 6749 F O R N A T (I X 1 O G I 3 .5 )
C

W R I T E (9 1 1 9 1 ) FILE
W RI TE ( 9,4)
W RITE (9 ,5) A X X
W R ITE ( 9,7) A V Y
WR ITE ( 9,$) AU
W R ITE ( 9 ,9) STM AS S
W R ITE ( 9 ,1R ) XC G
W R ITE ( 9 .11) SCALE
W R ITE ( 9, 14)
M R ITE ( 9 ,15 ) X
W R ITE (9116 ) V
W R ITE ( 9 ,17) Z
W R ITE (9 , 18)
W R ITE ( 911 9 ) U
W R I TE ( 9.28) V
M R I T E ( 9 , 2 1 )  V
U R IT E ( 9 ,  1 2 1 )
W R I T E ( 9 , 3 1 )  R O L L S
W R I T E ( 9 , 3 2 )  PUCk S
W R ITE ( 9,33) YAWS
WR I TE( 9,22)
W R ITE ( 9,23) PS
Q R I T E ( 9 , 2 4 >  OS
U R I T E ( 9 , 2 5 )  RS
V R I T E ( 9 . 1 9 2 5 )  X NS

1825 F O R $ 4 T (/ IX ’M E A S U R EM E N T  STATIONS ARE : ’/ IX I2F IB .4// )
W R ITE ( 9 ,1926) DM5

1926 F O R M A T I X ’ D I A M E T E R S  AT THESE STATIONS AR E :’/ 1X I2F IO .4// )
WR I TE ( 9,26)
WRITE (9,126 ) HCHTO
W RI T E ( 9,27) A T TACS
V R ITE ( 9,28) DIVES
W R I TE ( 9,29)
W R ITE ( 9,23) P45
U R I T E ( 9 , 2 4 )  Q A S
W R I T E ( 9 , 2 5)  RA S
UR I TE( 9,39)
UR ITE ( 9 .31) SPTR OL
W R ITE ( 9 ,32) SPTP !T
W RI TE( 9,3?)
W R ITE (9 ,3 8 ) CF

~R ITF (9,39) DT
VRITE ( 9, 40)RMACHO
UR ITE ( 9.42) N PR I N T
W R ITE ( 9 ,4l ) T L I M I T
S T O P
END

- • • • -•• • - •• - • 
~~~~~~~~~~~~~~~ 

.. •
~~
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C DECDE DATE ; 12-7-77

C ROUTINES TO AC QUIRE A FLOATING POINT OR FIXED
• C POINT NUMBER FROM THE TELET Y PE.

C IF THE OPERATOR HAS TYPED A CARRIAGE RETURN ONLY 1
C THE V A L U E  OF THE A R G U M E N T  IS  NOT C H A N C E D  AND AN I M M E D I A T E
C RETURN TO THE CALLING PROGRAM IS EFFECTED.
C
C CALLED BY EDCON.
C
C

S U B R O U T I N E  DEC D E ( A )
D I M E N S I O N  A S C ( 3 )
DATA BLANK S/SH /

C
1=1
CO TO 180

C
ENTRY IDECD (N)
1=2

• 188 READ (?,1) ASC
IF (A SC (1 ) .E Q .BL ANKS ) CO TO 300
CO 10 (101 .102) . I

191 D ECO DE (12 ,AS C ,> A
CO 10 389

192 DECODE (12 .ASC . ) N
1 FOR N A T ( 3 A 5 >
30$ RETURN

END

- . ,

~

-

~

- &
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APPENDIX II

LISTING OF THE MAIN PROGRAM
.

C Nc~I H  DATE: 8—7—fl
C
C****aP ROGRAM MAIN (W IND TUNNEL VERSION )
C * * * s * R O U T INES R E Q U I R E D .
C T R A N S , PA R A B . R R C T # H ,C P B I N , R EA D I N I T R F R E E ,T R S ET
C F L OW C MLC ,T R V C T S , P R O B E
C CRE F.C INC ICORECT
C IH T1 DAU X

C**.a*LIST OF STOP LOCATIONS...
C * s ***t - PR UB E ,2 -R E ADIN ,3 - ,4- ,5 -P R OB E ,6-RE A DIN
C **** i~7 - R E A D t N , 8- ,9- , 1$-CREF ,j 1-PRO B E.

C
DIMENSI ON FILE (2 ), T F I L E ( 2 )
DIMENSION TMA CHF (2 >,PRATFL (2),FILEMC (2),STORCX (2)
DIMENSION #NKS2 (2),AKAR (2 )
D I M E N S i O N  FVE C (6 ), FSV ( 3 ,6)~ TI MES ( 3)~. ABC (3 ,6)
DI M E N S I O N  XF ( 3 ),XN ( 3 ),DU N (3 )1ELA (3 )

C
C
C . s * a a S T O R A G E  FOR A R E A S , D I A M E T E R S . D V H A M I C  P R E S S U R E , M A C H  NUMBER ,
C*****YELOCITY U ,V , Id, MEASUREMENT STATIONS (AT EACH N.S. .BOMB AXES )

DIMENSION AP4S ( 12),DMS (12)1QMS (12),RMS ( 12),
1 UMS ( 12 ) ,YPfS ( 12 ),WN S (12 ),XM S (12 )

C
C

COMMON T(320).IT(5).NF
C
C
C ** s** T IM E,INTECRA T IOII TIME STEP

E Q U I V A L E N C E  ( T ( 2 ) , T I M E ) , ( T ( 3 ) , D T )  [AIRCRAFT
C~~**** DIR E CTIO N COSINES DEFIN ING O R I E N T A T I O N  OF BOMB W ITH RESPECT TO

E Q U I V A L E N C E  (T (4) ,C 11 ), (T (5).C21).(T (6),C31 )
E Q U I V A L E I I C E (T (  ?),C12), (T ( 8),C22> ,(T ( 9),C32 )
EQU I VALENCE (1 (18 > , Cl 3), (T( 11 )~ C2 3 ), (1 (12), C33)

C s * .**POS ITIOH OF BOMB CENTRE OF G R A V I T Y  IN A I R C R A F T  AXES
EQU I V A L E N C E  (T ( 13), X )1 C T( 14), V ) 1 (1 (1 5), 2)

C ** ***VELOCIT Y OF BOMB C. G. IN A I R C R A F T  AXES .
E Q U I V A L E N C E  (T ( 16) ,U ) ,CT ( 17)~~Y )1 (T (t 8)~~W )

C **** *ANC ULAR MOMENTUM OF BOMB IN BOMB A X E S
E QUIVALENCE (T (19),HX),(T ( 28)..HY),(T (21 >,HZ )

Cs*** .RATE OF CHANCE OF DIRECTION COSINES ABOVE
E Q U I V A L E N C E  (T (22 ) ,D C 11 ).,(T (23)1DC2 1 ).(T(24),DC3 I )
E Q U I V A L E N C E  (1 (25), DC 12).(T (26)1DC22).(T ( 2? )~ DC32 )
E Q U I V A L E N C E  (T (28) ,DC13) ,(T (29) .DC23 ),(TC 31) ,DC3 3)

C ss *s *RAT E OF CHANCE OF X .Y 1 Z .AB OY E
E Q U I V A L E N C E  (1 (31 ).DX).(T ( 32),DY ) ,(T (33)1D2 )

C s *a ** RA TE OF CHANGE OF U ,V ,U A B O V E
EQU I V A L E N C E  (1 (34) , DU ), (1( 35), DY ) , (T( 36), DV )

C .s* .*RATE OF CHANGE OF HX 1 I 4 Y , HZ  ABOVE
E Q U I V A L E N C E  (1(37), DHX ) , (T (38),DHY ~.(T( 39),DHZ )

C*** s*T (49) TO T (75 ) RESE RVED FOR INTM .
C s**s*4IRCRAFT ROTATION ANGL ES W .R . T E A R T H  A X E S

E Q U I V A L E N C E  C 1(76), AROLL )(T (??),APITCH).(T (?8).AYAW )
C .sa **B OM B MOME N T S  OF INERTIA

E Q U I V A L E N C E  (T (? 9) ,AXX ) , (T (8 9),AY Y ) (T (81),AZZ )
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C s .a*aBOMB MASS (KGN SLUGS )
E QUIVA L E N C E  (T (82 ) ,STNAS S)

C.s*aS PRO B E ROLL AND PITCH ANGLES W .R.T. TRAVERSE AXES
EQU I VALENCE (T(83 ),AP TROL ) ,(T (94) ,A PTPX T)

C,****TIME LI M I T  FOR DROP ..A IR TEMPERATURE (DEC C),
C *****BOMB C C .  (METRES FROM TA I L ) 1 A IR C R A F T  HE IGHT (M ETRES ) ,
C*.***BOMB SCALE (AS IN 1/SCA LE )~ T(90) SPARE ..SPEED OF SOUND S
C ss ***ACC EL ERAT IOH DUE TO GRAV ITY ,T (93 ) SPARE

E Q U I V A L E N C E  (1 (85), II. IM II), (1 (86). TEMP ) ,(  T( 8 ? ) . X C C ) ~1 (T ( 88)~ H G H T O  ), ( 1 ( 8 9 ) ,  S C A L E ) .
2 (T ( 91),YS OUHD ) .(T (92)~~CR AY A C)

C *a *sa TO TAL PITCH AN D ROLL OF BOMB IN FL OV F IELD AT REFERENCE POINT.
E Q U I V A L E N C E  (T (94)~ THE TOT ) ,(T (95), PHITOT )

C s .**SFREE STREAM MACH N U M B E R I M A X  BOMB 4RE 4~ H A X BOMB D I A M E T E R
E Q UIVALENCE (T( 96),RMA C HB ) ..(T( 97) ,AMAX ),(T (98),DMA X )

C *** **AIR CRAFT ANGLE OF ATTACK
E Q UIVALENCE (T (99).,A TTA C K )

C ***s*T (lBB ) 10 1 (103) SPARE.
C
C.*a.*FREE STREAM D Y N A M i C  PRESSURE

E Q U I V A L E N C E  ( T ( 1 0 4 ) , Q D P B )
C * * a * * W I N D  FORCES ON BOMB IN A I R C R A F T  A X E S .

EQU IVALENCE ( T ( 1 8 5 ) , W X ) 1 ( T ( 1 9 6 ) , W Y ) . ( T (  1 0 ? ) . W 2 )
C s s * * S W I N D  MOMENTS OH BOMB IN BOMB AX ES.

E Q U I V A L ENCE ( T ( 1 8 8 ) 1 V L ) . ( T ( 1 9 9 ) , W N ) ~ (T (  11 B ) . W N )
C a s * * * A I R C R A F T  R O L L I P I T C H I Y A W  RATE ABOUT A I R C R A F T  A X E S

EQU I VALENCE ( 1 ( 1 1 1) .  P A ) ,  (T (  112)~ Q A ) .  ( IC 113)~ R A )
C* ** * *  FREE = -1. (+1 . ) IF 80MB-ALONE T R A J E C T O R Y
C IS NOT ( I S )  O P E R A T I N G .

E Q U I V A L E NCE ( T ( 1 1 4 ) 1 F R E E )
C* * a * * A L P H A  AND BETA OF BOMB USED FOR C A L C U L A T I N G  C O E F F I C ’ E N T S

E Q U I V A L E N C E  ( IC  115 ) , A L P H A ) ~
( T ( 1 1 6 )~ 8 E T A )

C * * * * a A ( R C R A F T  A C C E L E R A T I O N S  1P4 AIRCRAFT AXES.
E Q U I V A L E N C E  ( T ( 1 1 ? ) . A X ) . ( T ( 1 1 8 ) 1 A Y ) , ( T (  1 19 ) . A 2 )

C * * * S * F O R C E S  ON BOM B C . G .  IN A I R C R A F T  A X E S .
EQU IVALENCE ( T ( 1 2 0 ) . F X , F V E C ) 1 ( T ( 1 2 1 ) 1 F Y ) 1 ( T (  122 ) ..F Z )

C s * a * * M O M E N T S  014 BOMB ABOUT BOMB X . V , Z  A X E S
EQ U I VALENCE ( 1 ( 1 2 3 > ,  F L ) , ( T ( 1 2 4 ) ,  F M ) ,  ( 1( 1 2 5) ,  FN)

C s * * * * R O T A T I O N  ANGLES D E F I N ING O R I E N T A T I O N  OF BOMB W . R . T . A I R C R A F T .
EQ UIVALE N CE (T(126).ROLL>, (T ( 12?).PITCH)1 (T (128),YAV )

C****sROLL ,PITCH ,Y#W RATES OF BOMB ABOUT BOMB X,Y.2 AXES
EQUIVALENCE (T( 129 ),P ), (1(138), 0), (T( 131 ),R)

C*s**aPRESSURE AT HE IGHT IDYNA M IC PRESSURE AT HEIGHT .
EQU I VALENCE (T (132).PRESS)1 (T (133 ).1 QDPALT)

C* * * * * D ECREES TO RA D I A H S . . R A D !A HS  TO DEGREES
E Q U I V A L E N C E  (T( 134) ,DTR ) .(T (135) .RTD )

C *****VEL Q C ITY OF AIR AT — I N F I N I T Y —
E Q U I V A L E N C E  (T ( 136 ) ,V E L IN F )

C *a * s *AI RCRAFT SE LF-R O TAT ZO P4-RA T E MATR IX .
E Q U I V A L E N C E  ( T ( 13 ? ) ~ A Rl1  )~ (T ( l 3 8 ) . A R 2 1 ) 1 ( T ( 1 3 9 ) 1 A R 3 1)
E Q U I V A L E N C E  ( IC  14 0 ) , A R I 2 ) 1 ( T (  14 1) .A R 2 2 ) , (T (  14 2 ) 1A R 3 2 )
E Q U I V A L E N C E  (T( 143),AR I3 ) .(T ( 144)~~AR23 ),CT ( 145) ,4R33)

C s**s*BOHB SELF- R O T A T I O N — R A T E  M A T R I X .
E Q U I V A L E N C E  (T (1 4 6 ),B R II ),(T (I4?),8R2 1),(TC148 ) 0R3 1)
E Q U I V A L E N C E  (T ( 149 ) .BR 12 ) . (T (159 )~~BR22).(T ( 151 ),BR32 )
E Q U I V A L E N C E  (T (152 )~ BRl3 ) . (T ( 153),BR23 ), (T (154 ) ,9R33 )

C.a ..sT (155 ) TO T (160) SPARE.
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C****aG RAV ITY FORCE IN AIRCRAFT AXES .
EQUIVALENCE (1 (161 ),CX )~~(T (162),CY)1 (T (163),CZ

)
C*****ORIGINAL DIVE ANGLE OF AIRCRAFT.

EQU I V A L E N C E  (T (16 4 ) .D IV EO )
C * s ***PI ,TW OP I ,COH V E PSI O H F R O M  METRES TO I N C H E S

E Q U I V A L E N C E  (1 (165 ).PI ), (T (  1 6 6 ) 1 T W O P I  ), (T( 167 ) ,CMI )
C CE N TRIPETAL A C C E L E R A T I O N  OF A I R C R A F T  (IN C’S) .

E Q UIVALENCE (T (l 68 ) GF )
C***s*AT ALL MEASUREMENT STATIONS. . .A R E A S .D I AM E T E R S ,D Y H A N I C  PRESSURE ,
C * * * * * M A C H  N U M B E R , U , V , W  (WIND VELOCITY COMPONENTS ,SOMB AXES ),
C s * s * * A H D  M EASUREMENT S T A T I O N S  ( C . G . s 0 , N O S E  + V E , I . E . , B O M B  A X E S )

E Q U I V A L E N C E ( T (  169 ) , A M S  ) ,(  1( 181) ,  DMS ), ( T ( 1 9 3 ) ~ Q M S ) I
1 (1 (205 ) ,RM S) . (T (21? ), UNS ) , (T ( 229 ) , V M S ) , ( T C 2 4 1 ) , W N S ) .
2 (T (25 3 ) 1 X M S )

C *s***FREE STREAM A E R O D Y N A M I C  COEFFS BOMB AXES
EQU I VALENCE (1(2 65> .CX), (1(266), CV ), (TC267)~ CZ).
1 ‘.T ( 2 6 8 ~~,C L) ,  ( T ( 2 b 9 ) . C M  ) , (T (  2 ? 8 ) , C N )

C * * * * * I P 4 C R E M E N T S  TO COEFFS DUE TO NON—UNIFOR M FLOW
E Q U I V A L E N C E  ( 1(27 1  ) , D C X ) , ( T ( 2 ? 2 ) , D C Y ) , ( T ( 2 ? 3 ) , D C Z ) .
1 (T( 274) .DCL )~ (1(275), 0CM), C T( 276), DCN )

C*****PROBE PRESSURE MEASUREMENTS
EQUIVALENCE (T (27?)1DP13)~ (T (2?8>1DP24)9
1 (T (279),PMAN )~ (T (289)1PPIT),(T (28l )1TPRESS )

C AREA TO SAVE COEFFICIENTS AT PREVIOUS 2 TRAJ . POINTS
E Q U I V A L E N C E  (T (2 92),FSY ) ,(T (398) ,TIMES) ,(T (303) ,ABC )

C
C
C s****HO OF MEASUREMENT STATIOHS .REF PO INT ,INTE GRA T ION LIMITS.

EQ UIVALENCE C tIC 1),NNS), (IT (2)1HREF)1 ( IT (3).NBACX)
E Q U I V A L E N C E  (IT (4) ,HFRO N T ) ,(IT (5 ) .NPR IPI T )

C
LOU I V A L E N C E  (XF ( 2), YF ), (XF ( 3). ZF)
EQ UI VA LENCE (XN ( 1),XN1),(XPI (2),YN).(XH (3),ZN)

C
DATA T F ILE /5NT F ILE ,4H2CTS / ,A H SY E S /5HY /

C
C**** .LABELS FOR YAWNETER PROBE FILES
C

D A T A  T M A C H F / 5 I 4 T M A C H , 4 H T P R B /
D A T A  P RA T F L / S H P R A T I . 4 H O P R B /
DATA FILEMC/5HM A CHCS4HX PRB/

C
C * * * * * L A B E L S  FOR STORE COEF FICIENT FILES
C

DATA A MKS 2 /5HMK 82C .4HXS TC/
D A T A  AK A R / S H K A R C X , 4 H S S T C /

C
D A T A  A N S M / ~ HM ~ ,AN S K,’5HK /

C
TAN( X )~ S INC X )/COS ( X )

C
I M P A C T = 1

C
C SET UP FOR INTERRUPTS FROM T R A V E R S E  RIG
C R EA D  B U T T O N
C

CALL TRSET (IFREE )
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C
C
C SET UP THE PROBE F ILES FOR DIRECT ACCESS I/O
C

CALL DEF INE (1 4 .8 .1950 ,TMA CNF , IYl ,B ,0.8 )
C WAS 2215=65X3I~ NOV 65X30 (PITCHz3O ABSENT )
C

CALL DE FINE (3 , 8.3 30 .PRA T FL ,1V2 ,0 ,0.8)
C WAS 341=31X11 ; NOW 30X 11 (PITCH=30 ABSENT )
C

CALL DE F INE ( 12 ,1811 849 1 ,FILE M C.IV31 $,$, B )
C

• C
• W R ITE( 4,6783)

6783 FO R M A T ( // / I X ’CA P T I V E  TRAJECTORY Y#W MET E R SYSTEM’ /)
WRI TE( 4~ 6784)

6784 FORMA1 (/IX ’HEW TRA J ? (V OR N)’)
RE#D (?,6?95 ) AIlS

6795 F O R M A T (A 1 )
IF (AH S.EQ .#NSYES ) CO TO 8888
CALL SEEK(2~~TFILE )
READ (2>T I IT .STORCX . INDST .NF
CALL CLOSE (2)
CO TO 8496

8888 WRITE (4,6601)
• 6601 F O R M A T (/ I X ’M K 8 2  C M )  OR KARI NCA (K)?’ )

READ (7 , 6795 ) AIlS
• IF (A HS.NE .ANSM ) CO tO 6692

STO RCX (  1 >~ A MK 82 (  1)
STORCX (2 >=4 M K8 2 (2 >
CO 10 9889

b 602 IF (A H S .NE.A H SK ) GO TO 8888
STORCX ( I )=AKAR ( 1)
S TORCX (2 )2AKA R (2 )

8889 W R ITE (4 ,6796~
6796 FORMA T (/IX ’ENTER FILE NAME’ )
b?82 READ (7,6794> FILE
6794 FOR$AT (A 5 ,44)

C ALL F ST A T ( 2 , F I L E 1 I P R E S )
1 F ( I P R E S . P 4 E . 0 )  CO TO 6786
W R I T E (4 .  6785 )

6785 F O R M A T ( / 1X ’ F I L E  NOT PR ESENT — TRY A C A I N ~~’)
GO TO 67 82

6786 CALL SEEK (2,FIL.E )
READ ( 2)T~ IT

• CALL CLOSE (2 )
INDS1= I
FREE t -1 .

• C
8496 CAL L D A U X

C FG = CF *GR A VAC
C*****STAR T THE FLIGHT .
C
3 D I V E = D I V E O - C F C S T IM E /V E L I H F
C
C A I R C R A F T  O R I E N T A T I O N  W . R . T .  EARTH AXES.
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C
A ROLL PI
A P I T C H = — (D IV E -A T T A C K )

C
C NOTE : APITC H IS AN EULER A NCLE , WHERE WE HAVE
C ROLLED THROUGH P1 . HENCE , THE ABOVE
C FORMULA IS CORRECT EVEN THOUGH IT LOOKS
C AS THOUGH IT SHOULD HAVE A MINUS THROUGH IT ’
C

A VA V
C

IF (FRE E .GT.0 . ) GO TO 4
IF (A B S (G F ) .G T .l.E-6 ) CO TO 941
SV~ VEL IHFsT IM E
VGT= 0 .
CO TO 942

941 VC= 2. *VELINF/CFG
VCT =TINE /VG
SV=VC*VELINF *SIN (VGT )

942 HEICHT=HCHTO- SVsSIH (DIVE P-VGT )
IF (IFREE.E Q.8 ) GO TO S
CALL TRFRE E (STORCX 1HEICHT )
:NDST= 1
IPR INT=NPRI IIT - 1

4 HE IG HT =2
C a * * * * C A L C U L A T E  QUAN T I T I E S  DEPENDING OH HEIGHT OF AIRCR A F T  (METRES ) .
C * s . * * S T A T I C  PRESSURE ( N E W T O N S / S Q  N)
S PRE SS=1033 5 11 *CRAV A C * (1 . -S.901022559sHE1GNT)*s5 .25 6103
C * .ss*TEMP ERATU RE (DEC C )

T E N P~~14 . 99-0.8065*HEICHT
C *** a sVELOC ITY OF SOUND (METRES /SEC )

V S O U H D~ SQRT (4 01.742*TENP+109B09.48)
C

IF (FREE . GT .0. ) RMA CH R~ SQRT (U..24Vss2+W*.2>/VSOUHD
C .*s*S V E L O C I T Y  AT INFINITY (N/S )

V E L I H F = V S O U N D a R N A C H B
C *a * s *D Y N A M I C  PRESSURE (NEWTONS/SQ N)

QD PA LT =0 .5* 1. . 4*PRE SStRNACHIs *2
0 AA L 1= QDP AL l.A M A X
0 AD QA AL I M A X

C s**s*FIND AIRCRAFT QUANTITIES IN AIRCRAFT AXES.
C
C

DUN (1) 0.
DUM ( 2 )=0 .

C
IF (FREE . GT.I .) CO TO LB

C
C s * . s * F ! H D  G R A V I T Y  IN A I R C R A F T  A X E S .
C.sas*CRAV ITY FORCE ON BOMB IN EARTH AXES •C0.0,GZE )

C ZE=- STMA SS *GRA V A C
DUN ( 3) GZE

C a ** s *F 1.ND G R A V I T Y  FORCE ON BOMB IN A I R C R A F T  AXES FRO* EARTH AXES
CALL TRANS (CX .AROL L ,A P I TC H ,A YAW ,+ 1 ,DU M )
CO TO 11
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C
Cs a*s.FIND W I N D  FORCES IH A~~~C R A F T 1 M O M E N T S  IN ~QM 8 AXES.
C
10 I P R IN T a I P R IN T + 1
C
C CONVERT V E L O C I T I E S  FROM EARTH AXES TO BOMB AXES .
C B O M B — A L O N E  TRAJECTORY

CALL CTRANS (DU M1 +1 ,U )
• U $ S (N REF )=— DU M (1 )

VNS ( NREF )a— DUM ( 2)
WMS (  NREF ) — DU N (  3 )
V E L R E F = V E L I N F
RN SREF=RMA CHI
RM S (NREF )zRMACHB
V B E T A = V M S (N R E F  )/UM S (NREF )
W AL P H A = W M S ( NREF )/UN S ( NREF )
THE TOT= ATA N ( SQRT ( VBETA* .24 .WALPHA ..2))
PH I T O T = A R C T A N (Y B E T A ,W ALP N A )
RAT 10= 1.
CALL CREF
V XB = CX *0 A ALT
V YB = CV *0 A AL T
WZB CZ *QAALT
W L = C L sQ A D
V M= C N. QAD
VN ZCN* QAD
GO TO 12

C
C* ****FIRST FIND FLOW PROPERTIES ALONG BOMB IN BOMB AXES
11 CALL FLOW
C
C CALCULATE EFFECTIVE INCIDENCE (ALPHA ) AND
C E F F E C T I V E  S IDESLIP (BETA ) FROM FIN CAMBER
C AND REFERENCE POINT INCIDENCE AND SIDESL IP.
C

CALL COREC T (BETA ,VMS )
CALL C O R E C T (A L P H A 1W M S )

C
C s.a SSFIND TOTAL PITCH AND TOTAL ROLL OF BOMB W . R . T .  TOTAL AXES AT
C REFERENCE POINT.
C.****( TOTAL ROLL (PH ITOT ) IS AN G L E  THAT BOMB +2 AXIS
c a.***!S ROTATED FROM TOTAL A X I S  +2)

V B E T A = T A N ( B E T A )
WALP HA =T A N ( ALPHA )

C
C s**s*F IND TOTAL PITCH A N G L E

THE TOT =ATA N ( S QRT ( V BE TA .s2+VALP HA.s 2 ))
C .s a* * F I N D  ROLL ANGLE

PHI TOT = A R C T A N (  V B ETA , VALPHA )
C .* .* S F I N D  FO RCE AND MOMENT COEF FS DUE TO UNIFORM FLOW EQUAL
C****.TO FLOW AT REFERENCE POINT IN BOMB AXES

VELREF= S QRT (UMS (NREF)s*2+VMS (NREF )e*2+WNS (NREF).a’2)
RMSREF=RNS (NRE F)
CALL DEF INE (1 3 ,29, 1664 , STORC X1I V4 1I ,I ,I )
C A L L  C R E F
CALL CLOSE (13 )

C .****AD JUST TABULATED COEFFS TO CALCULATED COEFFS BY BASING OH
C.**..SANE DYNAMIC PRESSURE

RAT I 0=QMS ( NREF )/QDPB
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C
C**as*FIPI D INCREMENTS TO AB OVE DUE TO FLOW VARIATIONS ALONG BOMB

CALL CINC
C*s**SFIHD FORCES AND MOMENTS FROM COEFFS AND 0 AT A L T I T U D E  OF F L I G H T

Q A D = Q A A L T *DMA X
W XB = C X *RA T!O *QAA LT
W Y 8~~( CV *RA I IO+DCY )*QAA LT
WZ B ( CZi’RAT IO+DCZ )*QAALT

• WL C L . RA T ! 0 * Q A D
VN = (  CM* R A T I O + D C M  ) * QA D
W H (  CN* R A T I O ’ D C N  )sQ A D

C s * * * * EXPR E SS FORCES IN A I R C R A F T  AXES FROM BOMB AXES
12 CALL C IRANS (WX. - 1.V X B )
C.*sssUPDATE BOMB ORIENTATI ON IN PROJECTED YAV I P I TC H PLANE OF A ZR CRAF T

ROL I=A RCT AN (-C32 ,C33 )
P ITCH zATAH (-C 13/C 11 )
YA W = A T A N (C 12 /C jl )

C
C FIND PROJECTED ROLL , PITCH & YAW RATES.
C

ROLLD= (D C 33*C32-DC32 *C33 )/ (C32**2+C33**2)
P ITCHD= ( DC II *C 13-CC 13*C 11)/C C11**2+C 13**2 )
V A W D2 ( D C 12 * C i I — D C I I* C 12 ) / ( C 1t * * 2 + C 12 * * 2 )

C
• C s * * s * A D D  THE FORCES AND MOMENTS TOGETHER .

F X= V X CX
F Y V Y+ CV
FZ W2 +CZ
FL = VL
F M = W N
FN= WN

C
T I M ES (
TIMES ( 2)=T IMES ( 1)
T IM ES(  1)=T INE
0068 L=1.6

C
C SA V E C O E F F I C I E N T S  AT PREVIOUS 2 POINTS .
C

FSV ( 3,1 ) FSV( 2 . L)
F S V (  2~ L ’ = F S V  I
FSV 1~~L ) = F V E C ( L )
1F I N D S T . C T . 2 )  GO TO 6?
ABC ( 1.L )=FVEC (L )
ABC ( 2. L)=0 .
ABC ( 3.1 )=V.
CO TO 69

6 ?  CALL P A R A B  ( A B C ( t , L ) , T ! N E S , F S V ( 1 . L ) )
68 C O N T I N U E

I HDST =I NDST .t
C A L L  D A U X
ROLD E G*ROL L. RT D
PITDEC= PITCH sRTD
Y A W D E G = Y A W *R T D
PDEG = ROLL D *RTD
Q D E G = P I T C H D *RTD
R DE C =YAW D SR TO

~~.• -~~~~~~~~~~~~~~~~~~~ •~~~~~-
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C
IF (FREE .CT.2. .AHD.I PRIHT .NE . HPRIHT ) CO 10 5431

• IPR INT -8
C
5430 IF (FREE .CT.B . ) CO TO £9
C
C CONVERT U.V ,W INTO PHYSICAL VELOCITIES OF BOMB
C C.C. R E L A T I V E  TO A I R C R A F T  AXES , BY ADDING (AROT ) . (X )
C

UPR=U+RA sY—QA *Z
VPR=V +PA*Z-RA*X
WPR W+ QA sX — PA *Y
GO TO 5432

C
69 UPR U

V PR = V
W PR=W

C
5432 W RITE ( 9 ,6901) TINE , X . V .. Z ,ROLDE G ,P ITDE C , YA V OEG ,

I UPR ,VPR ,W PR ,PD E C ,QDE G 1RDEC
WRITE ( 9. 69?3)FX. FY. FZ,FL,FM . FIl
THETOD THETOT *R TD
PHI
W R I TE ( 9, 68?3 )THETOD ,PHI TOD V ELREF~ RNSREF , RAT IO

C
GO TO (5 431,6907), IMPACT

C
6873 FORMA T 5X ’THETO T..P HIT O T JVEL R EF ,R $ SREF ,R A T IO : ‘~~2CIS.5. 3G15.6

I ///)
6973 F 0RM A T (5 X ’FX ,F Y ,F2 ,FL 1 FM ,FN ~ ‘,6G15 .6)
6991 F O R M A T (t X ’ T I N E ,X ,Y ,Z ’ F8. 4 ,3X ,3C 1 4 .5 ,IBX ’ROLL ,P IT C H. YAV’ .

1 3 G1 4 .5 / 6X ’U ,V ,W ’ , IIX ,3G 14 .5 ,4X’ RA TES :R O LL .P ITCH ,YA V’ ,
2 3C1 4 .5/)

C*~~*s *IW TE C RA TE ONE T IME  STEPs
5431 CALL tHIN

CALL ENTER ( 2,TF ILE )
W RITE (2 ) T ,IT. STO R C X ,IHDST .NF
CALL CLOSE (2)

C
IF (FREE . CT. 0 . AND . 2 .LT.B .) CO TO 16

C
C*****SEE IF REACHED TINE LIMIT FOR DROP*

IF (TIME.LT .TLIMIT ) GO 103
C**s.*F [NISHED FLIGHT
L.

V R ITE ( 9. 6905)
6905 F O R M A T ( / I X ’ T I M E  L IMIT  EXCEEDED ’ )

CO TO 690?
1 ,6 W R ITE (9 ,6904 )
6904 F O R M A T C / IX ’ S T O R E  HAS STRUCK GROUND //’)

I N PAC T 2
CO TO 5439

C
6987 CALL CLOSE (3 )

CALL CLOSE (&2 )
CALL CLOSE (13 )
CALL CL QSE (14)
STOP
END
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APPENDIX I I I

LISTINGS OF TRSET AND TRFREE

/TRSET DATE : 16—6— ??

/R O U T IN E  TO SET UP THE SKIP CHAIN FOR INTERRUPTS
/FRO N THE TRAVERS E RIG READ BUTTON , AND ALSO TO
/ SERVICE THAT IN T ERRUPT.

T R S F~~?B 5 B B t
/

.GLOBL TRSET , .DA
/
/CAL LIN G SEQUENCE: CA LL TRSET (IFREE)
/

TRSET XX
JM S S .DA
JMP .+2

I F R E E  B
CAL
16
T RSF
IR S IH T
0211* I F R E E
J N P s T R S E T

/

/IHTERRUPT SERVICE ROUTINE

TRB INT DAC AC SVE*
LAG . (B
DAC PCSVE*
705082 /CLEA R THE FLAG .
I SZ * I F R E E
L A C A CSVE
I O N
J M P *  P C S V E

END

t
_ _ _  .

~~~~~—
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• C TRFR EE DATE : 1 2 — ? — ? ?
C
C R O U T IN E TO CHANGE FROM AN A I R C R A F T — O R I E N T E D  TO AN
C E A R T H — A X I S — O R I E N T E D  T R A J E C T O R Y .
C
C OPERATES AT THE POINT WHERE THE STORE IS C ONSIDERED TO MOVE
C F R O M  A T R A J E C T O R Y  W H I C H  IS  I N F L U E N C E D  BY THE P R E S E N C E  OF
C TH E A I R C R A F T  TO A U N I F O R M — F L O W  T R A J E C T O R Y .
C

SUBROUTINE TRFREE (STORCX ,HEICHT )
C

D I M E N S I O N  XTY ( 3) .XV ( 3)~ UY ( 3), CC 3,3).. 8(3,3)
C

COMMON T ( 3 2 0 ) , ! T ( 5 )
C
C ELAPSED T IME
C

E Q U I V A L E N C E  (T (2) ,T IME )
C
C T I M E S T E P
C

E Q U I V A L E N C E  (T (3 ) .DT INE )
C
C O R I E N T A T I O N  M A T R I X  (BOMB U . R . T .  A I R C R A F T )
C

E QU I V A L E N C E  (T (4) ,C)
C
C POSITION OF BOMB C.G. W .R.T. AIRCRAFT C C .
C

E QU I V A L E N C E  (T (13) , X .. XV ) . C T( 14),?) ,(T (15), 2)
C
C VELOCITY OF BOMB C .C. W. R.T. AIRCRAFT C C .
C

E Q U I V A L E N C E  (T (16 ) ..U .UV )1 (T ( 17) .V ),(T ( t8 ) .V)
• C

• C AT T I T U D E  OF A I R C R A F T  W . R . T .  EARTH AXES ( EULER ANGLES )
C

EQUIVALENCE (T (?6).AROLL ).(T (7?),APITCH), (T (78),AYAW )
C
C BOM B MASS ( KGM )
C

E Q U I V A L E N C E  (T ( 82 ) ,STMASS )
• C

C
C GRAVITATIONAL ACCELERATION
C

E Q U I V A L E N C E  (T (92 ) ..GRA VAC )
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C F R E E  S T R E A M  M A C H  N U M B E R
C

E Q U I V A L E N C E  (T ( 96) ,RNACH B )
C UNIFORM TRAJECTORY INDICATOR
C =— 1 BEFORE & =+ 1 AFTER TRANSITION TO B O M B — A L O N E  TRAJECTORY .
C

E Q U I V A L E N C E  (T (114) ,FREE )
C
C FREE STREAM VELOCITY
C

E Q U I V A L E N C E  (T ( 136 ) ,VEL INF )
C
C GRAV I TY FORCES
C

E Q U I V A L E N C E  (1 (161 ) .CX), (T( 162) , CV ) , (1 (163), GZ )
C
C O R I G I N A L  D I V E  ANGLE OF A I R C R A F T
C

E Q U I V A L E N C E  (T (164) .DIYEB )
C
C C E N T R I P E T A L  A C C E L E R A T I O N  OF A I R C R A F T  (IN C ’S)
C

E Q U I V A L E N C E  (T (168) ,CF )
C
C
C

EQ UIVALENCE (XTV (1 ).XT).(XTY (2),YT),(XTV (3),ZT )
C
C
C SET FREE TO + 1.
C

FR E E =1 .
C
C A D J U S T  X A N D U SO T H A T  TH EY N O V  RE F ER TO E A R T H  A X E S ,
C WITH ORIGIN AT GROUND LEVEL BELO W AIRCRAFT C C .  AT T I M E  OF
C REL EASE ( T I M E = 0 ) .
C

IF (A BS (G F ) .CT.t.E- 6 ) CO TO 1
SV= VE L INF*T INE
YGT SB .
CO TO 2

t V C = 2 . *VE L I N F / ( C F s G R A V A C )
VG T=TI M (/VC
SV=VG.VELINFSSIN(YGT )

2 DD = D IYE S- VCT
O IV E a D D -V G T
CALL T R A N S  (X IV ,A R O L L . A P I T C H ,A Y A W .— 1 ,X Y )
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X =XT + SV ’COS (DD )
Y *YT
Z=ZT+HEICHT
CALL T R A N S  ( X T V . A R O L L . A P I T C H , A Y A V . — I . U V )
U=XT +V EL NF SCO SC DIVE )
V=YT
W= ZT— VEL IN F *SIH (DIYE )

C
C REPLACE (C) WITH (C ) . (CA )1 SO THAT BOMB
C O R I E N T A T I O N  IS NO V R EFERRED TO EARTH AXES.
C
C NOT E; C . C A  = (CA ’ .C’) ’
C CAN TREAT C’ AS 3 COLUMN VECTORS AND USE
C SUBROUTINE TRANS (DON ’T USE CTRAHS ).
C

0031 1=1 ,3
0031 J = 1,3

3 1 B( I .J ) = C ( J , I )
003
CALL TRANS (XTV ,AROLL ,A PITCH ,A YAW ,— i,B (1,J))
003

3 C (J ,I )=XTV (I )
C
C SET UP THE NEW D E R I V A T I V E S
C

C A L L  D A U X
C
C CLOSE OFF THE 3 PROBE CALIBRATION FILES
C

CALL CLOSE ( 3 )
CALL CLOSE (12)
CALL CLOSE (14)

L
C DEFINE THE STORE COEFFICIENTS FILE
C

CALL DEFINE (13,29,16 64,STORCX.IV4 ..B.8.0)
C
C SET THE G R A V I T Y  FORC ES TO E A R T H  A X E S  < C O N S T A N T )
C

GX=O .

GV=B .
CZ=-STMASS sGRAVA C

C
WR ITE ( 9, 45)

• 45 FOR M AT (/// IX ’Ss B O N B - A L O N E  T R A J E C T O R Y  BECINS .s.*ss.***
IEA RTH AXES FROM THIS POINTaS*** .as*.*sa*s*ss**.***s*ss*s .’// )
R E T U R N

• END
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APPENDIX IV

LISTINGS OF ARCTAN , TRAN S, CTRANS AND PARA B

C A RCTAN DATE : 15—6—76
C

FUNCTION A R C T A H ( Y . .X )
C FINDS ANGLE WHOSE T ANGENT IS Y/X , IN R A N G E  B TO TWO P1.
C
C CALLED BY MAIN.

C O M M O N  I (322 ) ,IT (5)
E Q U I V A L E N C E  (1 (165 ),PI )~ (T( 166),TVOPI)

C
ARCTAN=ATAH(Y/ABS(X ))
IF (X .LT .B . ) A R C T A H = P I — A R C T A N
IF (A R C T A H .LT .B . ) A R C T A N = A R C T A N s T W O P I
R El U RN
END

- .--.

~

-— -—~~~~~~ • • . ~~~~~~~~~~~~~--- ~~---
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C TRANS DATE : 4— 8—76
C

SUBROUTINE TRANS (XT ~ R0LL ,PITC H ..YAV..INV ,X )
C
C CALLED BY NA IH.CA LC.CREF .IFL 0W .
C
C s EULER ANGLES (ROLL ,PITCH ,YAV ) REFER TO NEW AXES W R. T . OLD AXES .
C s (XT ..? T ..Z T )= MAT R IX (EULER A HCLES )* (X .Y ..Z ) IF INV a +I

• C. (XT ,YT.2T)= INVER SE M A T R I X  (EULER ANGLES )s(X ,Y ,Z) IF IHV*— 1
C * M A T R I X  ELEMENT A I J = C O S I N E  OF AN G L E  BETWEEN NEW I A X I S  A N D  OLD J A X I S .
Cs I ,J= 1,2,3=X ,Y ,Z.
C DO HOT ALLOW XT ,YT ,ZT TO BE THE S A M E  L O C A T I O N S  IN CALLING ROUTINE
C AS X .Y.Z ..OR ii WILL NOT WORK
C

D I M E N S I O N  C (3. 3),A ( 3,3). XC 3) ,XT (3)
CO M M O N  T ( 328) .IT (5)
E Q U I V A L E N C E  (T (4),C)
E Q U I V A L E N C E  (A (I ,1 ) ,A11 )~ (A ( 1.2 ) ..A12 )~ (A (1..3 ) .A13)
E Q U I V A L E N C E  (A ( 2 ,j ).A21 ) ..(A (2 .2) .A22)~ (A (2 .3) ..A23)
E Q U I V A L E N C E  (A ( 3 ,I ),A3 1 ) .(A (3 .2) ..A32) ..(A (3 ,3) .A 33)

C
C

SR = S I N ( R O L L
CR=CO S ( ROLL >
SP=S IH ( PITCH)
CP=COS (PITCH )
SY= SIN ( Y A W )
CY~ COS ( Y A W )

C
A 1 I = C P * C Y
A 12 = S R s S P s CY + C R s S Y
A 1 3=—C RsSP*CY+SRsSY
A 2 t  = - C P * S Y
h2 2 = — S R .S P * SY + C R * C Y
42 3 = C R S S P s S Y + S R S C Y
A 31=SP
A32=-SR*CP
r~33 = CR *C P
CO TO 2

C
C ENTRY POINT FOR CTRANS.
C

ENTRY C IRAN S (X T.INV ,X)
DOt 1=1 ,3
001 J= 1.. 3

I A (I.J )=C (I.J )
C
2 005 1 1,3

S U M = B .
• ~‘0 4 J 1..3

IF ( I N V . L T . B )  GO TO 3
SUM=SUM+A (I,J )*X (J )
CO TO 4

3 ~U N = S U M + A (J ,1~~*X (J )
4 CO N T I N U E
5 XT ( I ) SUM

R E T U R N
E N D
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C PA RA B DATE : 4-8—76
C

S U B R O U T I N E  PARA B (A BC ..X,F)
C
C FITS PA R A B O L A  F(X) =A + 8 *CX —XA )+ C * (X- XA )**2 TO DATA .
C

D I M E N S I O N  AB C (3 ),X (3) .F (3)
C

DX2= X (2 )—X (1 )
DX 3=X ( 3 )—X (1 )
A BC ( 1) = F( 1)
FXA= (F (3 )—F ( 1))/DX3
ABC (3)= ((F (2)-F (1))/DX2—FXA )/(DX2—DX3)
ABC ( 2 )= F XA —A B C ( 3 )50X3
R E T U R N
END

I .
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APPENDIX V

LISTINGS OF FLOW, CALC , TRAy, TRWAIT , ADRD , PROBE AND READ IN

C FLOW DATE : 5—8—7 6
• C

C
S U B R O U T I N E  F L O W

C
• C C A L L S  C A L C , T R W A I T , A b R D , P R O B E , T R A N S , C T R A N S .

C CALLED BY M A I N .
C
C .* s s . F I N D S  FLOW PROP E R T I E S  ALL ALONG BOMB IN BOMB AXES
C *sa s *A N D STORES PROPERTIES IN AMS , . . ..WM S.
C

• DIMENSION QMS (12)..RNS (12),UNS (12),VMS (12),WNS (12),XNS (12),PRESS (5)
DIMENSION UPV EC ( 3 )1UT (3 )1UA( 3)~ UV EC ( 3)
COMMON T (32B> ~~I T C 5 ~~,NF
E Q U I V A L E N C E  (1 (96), RMA C HB ) . (T (99) .ATTA CK ) . (1 (104). QDPB )
E Q U I V A L E N C E  (1 (83). A PT R OL ) ,<T (84), A PTP IT)
EQUIVALENCE (T(9 1),YSOUND)
E Q U I V A L E N C E  (1 (165), Pt )
E Q U I V A L E N C E  (T (1 93 ) ,QM S ) .. (T (2B5 ),RN S)~ (T (2I?) ,UM S )
E Q U I V A L E N C E  (T (229 ),VM S), T (241 ),WM S )~ (T( 25 3) ,XN S )
EQ U I V A L E N C E  (T (27? ),DPI3 ,PRESS ),(T (2?8) ..DP24 ) ,
1 (T (2? 9),PNAN ),(T (28 0> ,PP IT ) , (T (28 1 )~ TPRES S)

• C
E QUIVALENCE (11 (1), NN S )

C
EQUIVALENCE (UP V EC (1 ) ..UP ),(UPV E C (2 ) .VP ) ,(UPVEC (3 ),W P )
E Q U I V A L E N C E  (UT , UVEC ) (UPYEC , UA )

C
D A T A  T P S T P / 1 1 6 . 3 4 9 ? / . T P Z E R Q / 1 6 7 6 . / , T P R A T / 3 4 5 . 3 2 5 ? /

C
C*S*S*STATEMENT FUNCTION FOR TANGENT

TAN (X)zS I N (X)/COS (X )
C
C D Y N A M I C  PRESSURE , 1/2 RHO V SQ UARED , IS GIVEN BY ;
C Q DP B = (C A M M A / 2) (RMA CHB s.2 ) PSTA TB
C W H E R E  PSTQ TB= TPRESS / (I+ (CAMM A—1 )/ 2RMACH B * *2 ) * * (CAMM A / (GANM A —1 ))
C Q FA CT= QD PB /TPR E S S
C

Q FACT B . ?*RMAC HB s*2/( 1 . +9. 2* RM A C HBa * 2  )a*3 .5
C

IF (HF.E Q .NMS ) CO TO 1
NS* 1
HF—N MS
I H S
INC—I
CO TO 2

I HS NMS
NF I
1—N S
INC ——I

C**ss*FOR EACH POINT ALONG BOMB

~
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C aa*.*N~ x POINT IS t+INC , UNLESS POINT IS LAST POIN !
2 N EXT — I +IN C
Csss*sIF POINT IS LAST POINT , NEXT POINT IS I~ W H I C H  W I L L  BE
Cs * s s a C LOSE TO FIRST POINT AFTER NEXT I N T E G R A T I O N  STEP
C* * a* s I S  IT  THE F I R S T  P O I N T ?

IF (I.N E.NS ) CO TO 38
C s * s * * CA LCUL A T E 1ST PO I N T  IN B O M B  AXES (METRES ) IN TRAVERSE AXES
C s s S s s IN INCHES . AND START PROBE M O V I N G .

CAL L CALC (NS )
C s * * s s W A I T  ‘ I l L  PROBE REACHED T H I S  P O I N T ,  AND S E T T L E D
C****aDOW N SUFFICIENTLY TO TAKE PRESSURE MEASUREMENTS
38 C A L L I R W A I T
Cs * * s . V H E N  R E A D Y ,  T A K E  PRESSUR E MEASUREMENTS

CALL A D RD ( P M A N , P P I T , D P I 3 , D P 2 4 , T P R E S S )
TPRESS= (TPRESS— TPZERO )/TPSTP
D084 K = 1 ,5

84 PR E S S ( K ) = P R E S S ( K ) s T P R A T
QDPB=TPRESS sQFACT

C
IF ( 1 . E Q . N F )  GO TO 67

C**s**CALCULATE NEXT POINT IN TRAVERSE AXES (AS BEFORE ),
C AN D S T A R T  PROBE M O V I N G .

CALL CALC (NEXT )
C*****CALCULATE FLOW PROPERTIES FROM PRESSURE MEASUREMENTS
6? C A L L  P R O B E  ~.DOWN P ,SIDEP,RMS (I)..QMS (I))
C sass*FIND ACTUAL FLOW VELOCITY COM PONENTS IN PROBE AXES (M/SEC)

VEL .=VSOUND*RMS ( I )*SQRT ( (I. + . 2*RMACH 8**2 )/( I . + . 2SRPIS ( 1 )5*2))
UP=—V EL /SQRT (t. +TAN( DQIdNP )i’s2+TAN (SIDEP)552 )
V P= U P. TA N S ID E r >
W P=UP sTAN( DOWN P )

C s*as*FIND VELOCITY IN TUNNEL AXES FROM PROBE AXES
CALL TR ANS (lJT ,A PTROL ..APTP IT ,B .,— i~ UPVEC )

C sess*FIND VELOCITY IN PLANE AXES FROM TUNNEL AXES
CALL TRANS (UA ,P I ,A TTACK ,8.,+1, UT )

C ssss*F!HD VELOCITY IN BOM B AXES FROM PLANE AXES
CALL I~TRAHS (UVEC, sI,UA )
UMS ~ I )UVEC ( 1)
YMS ( I)=UVEC~.2)
WNS (I)=UVEC (3)

C ss***CONTINUE FOR ALL MEASUREMENT STATIONS
I F ( I . E Q . N F )  RETURN
1 1 +IHC
GO TO 2
END
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C CALC DATE : 4-8—76
C

• SUBROUTINE CA LC (J)
C s*s**CONVERTS POINT (XB,YB,Z8) IN BOMB AXES (METRES ) TO
C . s * S P O INT ( X T , Y T . Z T )  IN T R A V E R S E  A X E S  ( I N C H E S )
C
C CALLS CTRA HS , TRANS .
C CALLED BY FLOW.

• • C
D I M E N S I O N  XT ( 3 ) .XMS( I2 )~~XA (3 ) ,XI ( 3)
COMMON T ( 3 2 9 ) , IT ( 5 )
EQUIVALENCE (T( 13)..X )~ (T (14 ),Y)..(T(15)..Z)

• EQU I VALENCE (1(89), SCALE ), (T( 99), ATTACK )
E Q U I V A L E N C E  ( 1( 1 6 5) ,  P 1) ,  (T ( 1 6? ) ,  C M I )
EQUIVALENCE (T(253),XMS )
EQUIVALENCE ( X T . X I )
E Q U I V A L E N C E  ( X A ( 1 ) . . X A 1 ) , ( X A ( 2 ) , Y A ) , ( X A ( 3 ) . . Z A )

C
X I (1)=XMS (J)

• XI (2)=B .
• XI (3)— 8.

C*****TRAH SFORM FROM BOMB METRES TO PLANE METRES.
CALL CTR AN S ( X A . . — t , X I)

C * * a * * T H E N  C O N V E R T  TO I NCHES AND SCALE DOWN TO MODEL S I Z E .
R — C M I / S C A L E
X A I  ~(X A 1  + X ) * R
Y A = (  YA +Y )* R
Z A (  ZA +Z )*R

C*****THEN TRANSFORM TO TRAVERSE AXES.
CALL TRANS (Xl, PI ,A TTA C K ,B ., —1 , XA )
CALL TRAY (XI)
R E T U R N
E N D

/TRVCTS DATE : 8-3-??

/ ROU TIH E TO MOVE TH E TRAVERSE RIG TO A
:‘POSITION (X ,Y,Z) IN THE MINIMUM TIME.
‘CALLING SEQUENCE:
/ F O R T R A N ;  CALL T R A Y  ( X )

• / MAC RO :  JMS * T R A Y
/ JMP +2
/ 4 8 8 8 8 8 + X

• 
/ASSUMES ‘REQUIRED COORDS . ’ ARE SET PRIOR
/10 ENTRY .

• rRSX— ?85181
TRSY ?85141
T R S Z = 7 8 5 1  2t
T RSR ?051 61.
/

.CLOB L T R4Y ~~T R W A I T  / I N T ER N A L
•GLO BL AC. .AK , .AX , .DA ~‘E X T E R H A L

T R A Y  XX
JMS* .DA
JMP +2
490990 +REQX P

~~lL 

I N t l  C A L  ~‘SET UP SKIP
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1.6 / C i A I N  FOR A N
TRSX / INTERR UPT FROM THE
T RIN T / ‘X  C O M P L E T E ’ F L A G
CAL
16
TRSY /‘Y COMPLETE’ FLAG
T R I N T
CAL
16
TRSZ /‘Z COMPLETE’ FLAG
T R I N T
CAL /NOTE : THE TRAVERSE
16 / SK IP O N  R O LL
TRSR /MUST BE
TRINT /IN ITIAL IZED !!!
LAC (JMP HSU /DOH’T DO THE
DA C 11411 / SET-UP A G A I N .

H S U  DZN XFLC /CL E AR THE THREE
DZM YFLC /‘COORD INATE MOVING’
DZM ZFLG /INDICATORS.
LAC TRAY /SET UP THE
DAC P C S Y E I
7951 64 /EHABLE TRAVERSE FLAGS .
LAW —I /SET THE ‘TRAVERSE
DAC TRIP /1 14 PROGRESS’ INDICATOR.
LAW — 3 /SET UP TO ACQUIRE
DAC TRKNT * /3 COORDINATE VA LUES .
PXA /SAYE THE CONTENTS
DAC XRSVES /OF INDEX REGISTER ,
CLX /AND CLEAR IT.
LAC REQX P
DAC RQPTR

IV1 JMS* AC /GET A COORDINATE
RO PTR XX /VALUE X ,Y , OR 2.

192
ISZ RQPTR
JMS* .AK ~‘NULTIPLY VALUE BY
.DSA C 1BBB /1998 (DECIMAL ) .
JMS * AX /F IX IT , AND
DAC XRE QI X /SAYE BINARY VALUE.
JM S BINBCD /CONYERT TO B.C. D .
DAC RBCD ,X /EQUIVALE NT , AND SAVE.
AXR 1 /BUMP INDEX REGISTER .
152 TRKNT /ALL 3 COORDS YET?
JMP TV! /NO .
JMP TRI /YES.

REQXP B

~REQ BLOCK 3
RB CD BLOCK 3
Cil iB 12; 372809
XFL G B / ‘COOR DI NAT E M O V I N G ’  INDICATORS ;
~‘FLG 0 /NON— 2ER O IF THE CORRESPONDING
~FLG 0 /AX IS IS C U R R E N T L Y  IN M O T I O N .

:.:I NTERR U PT HANDLER.

r R I N T  DAC AC SY2I /SAVE A CCR CONTENTS.
LAC S (8 /SAV E IN TE RRUPT

~AC P C S Y 2 O  / R E T U R N  A D D R E S S .
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D Z M  R L F L C I  / T E S T  W H E T H E R A N Y
TRSX / OF THE X , Y~ OR 2
ISZ RLFLG / T R A V E R S E  COMPLETE
TRSY I’F L A C S  A R E  UP
ISZ RLFLG 1’ .

T R S Z
ISZ RLFLC
LA C RLFL C /‘RLFL G ’ W I L L  BE
A AC —3 /3 IF NONE A R E  UP
SZA
JMP TRPROC /HOT 3 LEGITIMATE INTERRUPT.
785184 /HONE ARE UP.
LAC ACSV2 /MUST H AVE BEEN
ION /FRON ROLL AXIS.
JM PS PCSV2 /THEREFORE IGNORE IT.

IRPROC LAC PCSV2 /SET THE RETURN
DAC PCSVEO ~‘POI NTER.
(AC AC SV2 /SET UP TO RESTORE
DAC ACSVE * ‘THE ACCUMULATOR.
PXA /SAVE INDEX REGISTER
DAC XRSVE /CO 14TEHTS

TR 1 LAW -3 /SET UP TO READ
DAC TRKHT /3 CO ORDINATE VALUES .
C LX / C L E A R  INDEX R E G I S T E R .

TR2 XC I RDTR ,X ~‘REA D BCD COORD VAL UE.
JNS TRBCD /COHVERT IT TO BINARY.
T CA /SUBTRACT ‘ACTUAL ’
TAD XREQ ,X /FROM ‘REQUIRED ’ .
DAC DEL ,X /SAVE THE DIFFERENCE .
A X R  1 / 00 T H IS  FO R ALL
!S2 TRKHT /3 COORDS X .Y,& Z
J M P  TR2
T R S X  ~‘CLEAR THE
SKP ,‘‘COOR D INATE MOVING ’
DZM XFLC /INDICAT ORS OF
TRSY /THOSE COORDS FOR
SK P ~‘WHICH ‘TRAVERSE
0219 YFLG /CON PLETE ’ FLAGS
TRSZ /HA VE BEEN
SKP /POSTED
0219 ZFLC I. -

795184 ~‘CLEAR TR AVERSE FLA CS.
LAW -3
DAC KNTT *
CL X

TA ! LAC DEL IX ,‘TEST THE THREE
SZA /‘A C TUA L’ COORDINATES
JM P TA 2 /X,Y . AND Z FOR
AXR 1 /EQUALIT? WITH
ISZ KNIT /THEIR ‘REQUIRED’
JMP TA ! /VALUES.
JM P TRCOM ~‘TRAY ERS E IS COMPLETE.

1 A 2 LAW —3 /SET UP 10 E X A M I N E
D AC KNIT /3 COORDINATES.
CLX ,‘CLEAR INDEX REGISTER.

T A 3  J MS TR ~‘ R EL QAD T R A V E R S E  REGISTER
AXR 1 /(IF NECESSARY ). AND
152 KNIT /8EGIN T R A V E R S I N G  IF
JMP TA 3 /APPROPR IATE .
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TRRTN LAC XRSVE /RESTORE THE
PAX / IN DEX R E G I S T E R .
LAC A CSVE /THE ACCUMULATOR,
ION /TURN OH INTERRUPT ,
JMP* PCSV E /AN D RETURN.

TRCOM DZM TRIP /CLEAR THE ‘TRAVERSE
795144 /D ISA BLE TRAVERSE FLAGS.
JMS TIME /SET ‘11 191 ’ TO THE TIM E
AAC 6 /A T W H I C H  T R A V E R S E  CO M PLE T ES

• TCA /PLUS 6 SECONDS. THIS ALLOWS
DAC T I M I*  /THE SYSTEM TO SETTLE.
JNP T RR TH

:‘RQ IJTZ1 4E TO T E S T  WHETHER THE TRAVERSE RIG
‘ I N T E R F A C E  R E G I S T E R  C A N  BE F I L L E D  W I T H

• /THE ‘RE Q U i RED ’ VALUE OF A COORDINATE
/A N D /OR THE C O R R E S P O N D I N G  C O O R D I N A T E
/CAH BE SET TRA V ERSING.

~‘THE R O U T I N E  EXECUTES WHICHEVER OF THESE
‘OPERATIONS I T  F I N D S  TO BE LEGAL.
/
TR XX

• LAC DEL .X /RETURN IF THE
SNA / ‘ A C T U A L ’  VALUE EQUALS
JNP. TR ,‘THE ‘REQUIRED’ VALUE.
0219 DR E CR
DZ N TROK
LAC ( LA C X FLG / SET THE SWITCHES
DAC ‘TSTt /1k SUBR OUTINE ‘ T E S T ’
LA C ( LA C  X REQ / SO THAT  THEY
D A C  T ST 2 / W I LL E X A M IN E TH E
LAC (TAD DEL / ‘X ’ COORDINATE
DAC TST 3
LAW -3 /SE T UP TO E X A M I N E
DAC TRKHT /3 COORDINATES.

I R S !  JNS TEST
152 1911 / BUMP TH E S W I T C H E S
152 TST2 u N  ‘T E S T ’  TO
ISZ TST3 /THE NEXT COORD .
ISZ TRK NT /3 COO R DS YET ?
J M P  T R B I
LA C DRECR /0 K.  T O  R ELOAD
SZA /TRAVERSE REGISTER.
JMP TR B2
LAC R B C D . X  / R E L O A D  REGISTER IF
JMS LDR EC / ‘ D R E C R ’ IS ZERO

1R8 2 LAC TROK /O X .  TO T R A V E R S E
SZA 1’T H I S  C O O R D IN A T E ?
J MP* TR
ISZ X F L G ,X  / Y E S .  SET I N D I C A T O R
XC I I T R , X  /AND I N I T I A T E  T R A V ERSE .
J MP* TR /R ETURH .

.‘ RO ( JT IH E TO CARRY OUT THREE T E S T S  AND
• :‘S ET L O C A T I O N S  ‘ DREC R’ AND ‘ T R O K ’

~‘A C C O R D I N C L Y .
~‘ UPON RETURN FROM ‘ T E S T ’ ,

( A )  THE T R A V E R S E  I N T E R F A C E  R E G I S T E R  CAN BE
R E L O A D E D  IF, & ONLY IF. DR ECt ~— H .



-.• .-  ~~~~- - ~-—-- - --•---—•.

- 67 - WSRL-0005-TR

(8.~ THE COO R D I N A T E  )C RE Q, X CAN BE SET
T R A V E R S I N G  IF. t ONLY IF. TR O K ~ B .

TEST XX
. 511 LAC XFLC /RETURN IF THE

SHA /COORD !HATE IS
JMP * TEST /HOT MOV I N G .

TST2 LAC XREQ /RETURN IF ‘RE Q UIRED ’
ICA /VALUES OF THE
TAD XREQ ,X /MOV INC COORD
DAC TSTSVI /AHD THAT OF XRE Q ,X
SHA /ARE EQUAL

• JM P* TEST
5 13 TAD DEL /RETURH IF XR E Q S X

XOR TSTSV /19 BETWEEN THE
S P A  /MOV INC COORD AND
JNP* TEST ~‘I TS  ‘ R E Q U I R E D ’  V A L U E .
I SZ D R E G R ~‘DON ’ T LOAD REGISTER .
LAC XRE Q JX /IS THE C U R R E N T
TCA /YALUE OF THE
TAD BRECR ~‘TRAV ERSE REGISTER
DAC TSTSV /BETWEEH THE ‘REQUIRED ’
TAD DEL,X /COORD XREQ,X
XOR TSTSV /AND ITS ‘ACTUAL’
SN A
ISZ T R O K  /140 .  DON ’ T  T R A V E R S E .
JMP* TEST /YES. RETURN .

D R E C R  XX
R 0X XX

~RIP 0 /‘TRAVER SE IN PROGRESS’ INDICATOR .
‘~R U H D  B
IT R  7 0 5 1 0 2  /INIT IATE TRAVERSE , X AXIS.

795142 /!NITIATE TRAVERSE , Y AXIS.
795122 /IN IT IATE TRAVERSE , Z AXIS.

RDTR 705812 /READ POSITION , X AXIS.
785952 /REA D POSIT ION , V AXIS.
705932 /READ POSITION , 2 AXIS.

D E L  8; 8; 2

D E L A Y  XX
DAC DLYXP4T*
I SZ  D L Y K N T

• JM P .—1
J M P * D E L A Y

L D R E G  X X
• DA C REGRI ‘SAVE THE BCD.

JNS TRSCD /COHYERT TO BINARY ,
DAC BREGRI /AND SAVE IT.
LAW -6965 /18 MILLISECOND
JM S DELAY /SETTLING DELAY .
(AC RECR /LOA D BCD INTO
785994 /TRAVERS E INTERFACE REGISTER .
LAW -5 /W A I T  FOR REGISTER
JM S DELAY /1 0 SETTLE (29 NI CROSECS ) ,
JM P* LDREC ~‘AHD RETURN.

.~R O U T I H E  TO CONVERT TO B I N A R Y
‘FROM TRAVERSE RIG BCD :

~~~lIt.~ I . ‘..— • —rr—-t.~~ r— p ~~— ———~—~—~ — -— - . .
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X X XX X X X X XX XXXX XX X X
S 1 8421 842 1 8421 842 1

TRBCD XX
DAC BCDI
D ZN B I N I
RTL
DAC TEMP t
SZL
I SZ B I N
LAW —4
DAC KN I t

BC 1 (AC BIN
C
N UL
12
L A C Q
DAC B I N
LAC TEMP
RTL
RTL
DAC TEMP
R AL
AND (17
TAD B I N
DAC B I N
£ 9 2
J M P  BC !
(AC BCD
RAL
LAC B I N
SPL
TCA
J MP*

‘R OUTINE TO CONVERT BINARY
/ 10 8421 BCD.
‘CA LLING SEQUENCE :
.‘WI TH THE BINARY IN THE AC ,

/J195* B ! NBCD
/NO RM AL RETURN

/BCD IS RETURNED IN THE AC.

B I N B C D  XX
DAC BBIN*
DZPI BCD#
D2N SIGH t
SNA
JMP 981
T C A
DAC B B I N
LAC (429988
DAC S I G N

881 LAW -5
DAC BK NT *
LAC B B I H
L MO

882
LAC (84 8989
D AC L I N K I



- 69 - WSRL-0005-TR

CLA
D I V
12
XOR BCD
R T R
R
X OR L I N K
DAC BCD
152
J M P  982
RAL
XOR S I G N
JMP s

~‘ROUT IHE TO READ THE MACRO TIME FROM THE REAL TIME
/CLOC K , AND CONVERT TO SECONDS AFTER MIDNI GHT.
/
‘CALLING SEQUENCE :

JPI S TI ME
N O R M A L  R E T U R N

‘T IME IS RETURNED IN THE AC.

T I M E  X X
792512
C M A

• JIIS TAUX
JMS MU L 6B
DAC T R T I P f E
782552
C MA
DAC M I N S E C
R C L
S W H A
AND (37?
J M S  TAUX
TAD T R T I M E
JMS M U L 6 B
DAC TRT INE
LAC N I N S E C
AND (37?
J M S  T A U X
T A D
JMP s TIME

Ru NE 8
M I N S EC 8

IHUX XX
D A C  T E M P X
R T R
R T R
AN D ( 17
CLL
P1 UL
12
LAC Q
DAC T E M P X + t

• (AC TEMPX
AP4C’ (1?
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TAD TEM PX +1
JMP*

T EMP X H~ 8

PIU L 6B XX
C L L
PI UL
74
L A C O
JN P * MU L 68

~‘ROUT INE TO WAIT AT LEAST 6 SECONDS FROM THE TIME
‘OF COMPLETION OF THE PREV IOUS TRAVERSE .
..
‘ THE CURRENT TINE IS READ FROM THE REAL TIME CLOCK
/ AND IS COMPARED W I T H  THE CONTENTS OF LOCATION
/ ‘ T I M I ’ , WHICH W A S  SET AT ‘TRAVERSE COMPLETE ’.
.•‘T HE PROGRAM IS TRAPPED UNTIL BOTH THE ‘TRAVERSE IN PROGRESS’
‘IN D I C A T O R  (TRIP ) IS CLEAR AND THE CURRENT TIME IS GREATER
/ THA N THE CONT ENTS OF T IM 1 .

: CALLIHG SE QUENCE:
/ JMS * TR W A I T
/ N O R M A L  RETURN

r R W A I T  XX
1W! (AC TRIP

SZA
J M P  1W!
LAC TIM !
S NA
J MP* T R W A I T

1W? JMS TIME
T A D  TI M!
SPA
J N P  T W 2
D Z M  T I M !
J M P s T R W A I T

- E N D

DATE : 2 1— 4 — t b

‘ROUTINE TO READ THE

M A N I F O L D  PRESSURE
PIT O T PRESSURE
DIFFERENTIAL PRESSURES D P I3 & DP24

‘FROM THE RA YTH EON MULTIVERIER~‘kil O THE 51 TOTAL  PRESSURE FROM THE D I G I T I Z E R .

‘CHLL IHC SEQUENCE : CALL AD RD (PMA$ ,PPIT,DP13,DP24~~TPRESS)

‘CALLED BY FLOW
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k 0 6

. IODEV DT ,AD

- GLOBL A DRD
.CLOBL .DA , .AG , .AH , .AI~~.AK , .AL . .AH ,.AW
.GLOBL CPB IN

HDRD XX
JMSs .DA
J M P  + 6

PM 9
PP 0
P13 8
P24 0
rp

ONCE - IN IT A D ,BIA DRD
IHIT DT .B,ADRD
S E E K  DT ,C O M P B L
READ DT, 8,AMPYEX ,259
W A I T  DT
CLOSE DT

• L A C  V E X I P 3
TAD (TAD ADB U F
DAC A D D V E X
LAC (JMP A l
DAC ONCE

A l READ AD ,8,ADBUF ,t6
W A I T  A D

L A C A D B U F +22
TC A

AD DYEX XX
JM S* .AW
JNS* AN
CS
JNS* .AH
V E X 5
P X A
DAC XRSYE *
PLA
[ ‘AL  LSVE *
C L ;

• LAC 4
P A L
(AC I. A M P C N S

• • DAC C A I N P
LAC ( P C A L
D A C  P C ON S

142 LAC P M ,X
D A C  PP T R
LAC AP IPBL ,X
TAD (TAD ADBUF
D A C  A D D C H
LAC AM PZER ,X
T C A

H D D C H  XX
JMS* •AW

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - •.•-—
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JMS * .AL
G A I N P  X X

IS? G A I N P
IS? C A I N P
J M Ss  AK
VEX 5
J M S s .AH
TEMP
J MS POLY

PCO N S X X
TEMP

PPTR XX
(AC PCONS
AAC 6
D A C PCO H S
AX S 1
JNP A2

/READ TOTAL P R E S S U R E
/

783412 /READ SITP . 
-

JMS s C P B I N
J M S s AM
LAC TP
DAC TPTR
JNS* .AH

T PTR X X
LAC (5
PAL

ZARG DZN PM .X
AXS I
JN P ZAR G
LAC )CRSVE
PAX
LAC LSVE
PAL
J PPP* ADRO

/

/DA TA AREA:

t~D B U F  BLOCK 2 3
F

T E M P  0 ; 8
V E X S  0 ; 9
C5 3; 248808 /5.
COMPBL .SIXB T ‘COMP B LDA Q’
/
/DA TA INFORM ATION BLOCK:

A M PV E X 174808: B
DATSC E BLOCK 22
AM PB L BLO CK 12
H A M P  8
V E X I P 3  B
C H K H T  8
CP2PR B
API B .BLOCK 20
YEX B L .BLO CK 28

• SYSREQ .BLOCK 5 •
M A C R E Q B

-~~~~~~-~~~~~~~~~~ •- ~~~~~~~~~~~~~~~~~ - - ~~~~-• .
~~
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AMP GNS BLOCK 24
AM P ZER BLOCK 12
P C A L  BL O C K ?4
.HERMS .BLOCK 6
THERMC - B L O C K  6
SALK .BLOCK 11 8
CPRES BLOCK 4

:‘C ALL INC SEQUENCE :
J M S  POLY

/ PTR TO CAL CONSTS.
/ PTR TO VOLTAGE
/ PIR TO PRESSURE RETURN.
/ NORM A L  RETURN .
/
P O L Y  X X

LAC* POLY
IS? P O L Y
DAC PL2
A A C 2
DAC P13
A A C 2
DAC PLS
L A C * POLY
IS? POLY
DAC PL 1
DAC P14
L A C * POLY
IS ? POLY
D A C PL 6
J M S *  AC

P L 1 X X
JN S * AK

PL2 XX /A *Y
JMS* A !

PL 3 XX /4*y+9
J M5s AK

PL4 XX /(A sV +B) SY
J M S * .AI

PL5 XX /A. Y2 +B. Y+C
JNS* AN

PL 6 X X
JPI P *  POLY S

END A DRD

C PROBE DATE : 3 1-12— ??
C
C
C USES DIRECT ACCESS I/O.
C

SUBROUTINE PROBE (D OWN P ~~SIDEP~ RMAC H O )
C
C CALLS REA DIN .
C CALLED BY FLOW.
C

D I M E N S I O N  DOWNS (2 )~~SIDES (2 )~ AN GLE (2 )
COM MON T (322),IT (5)
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EQU I VALENCE (T( 134 ) ,DTR ),( 1(135), RTD )
E QU I V A L E N C E  (T (27?) ,DP13 )~ (T (27B)~~DP24 )
E Q U I V A L E N C E  (T (279) ,PMAH) .(T (280) .PPIT) .(T (281 ) ,TPRESS )

C
EQU IVALENCE (ANGLE (1 ) ,00WN ),(A H GLE (2 ) ,S IDE )

C
DATA ERR OR /B. 15/,PITCHH /B ./

C
T A N (  A )=S IN ( A )/COS ( A )

C
C.**s*FIHD PRESSURE RA T I O

PRAT I O = P P  IT/PMAN
IF (PRAT IO .CT.1. GO TO 43
WRITE (4142) PPITIPNAN

42 FORNAT (/1X’ (PROBE) PITOT~~’,G12 .5, ’ < NA HIFOLD~~’ C 12.5)STOP 5
C s**,*SET PITCH=LAS T PITCH FOUND (I .E.,AT LAST MEASUREMENT
Ce*s,*STATION, WHICH VALUE WILL BE CLOSE TO THIS ONE )
43
C a**s*GO THRU MAX OF 5 TIMES

NTHRU= 8
NTMAXI =9

C**.**FIND MACH NUMBER AT THIS RA TIO ,PITCH
10 IF (NTHRU.LE.4 ) CO 10 44

WRITE ( 4 ,45) P ITCH ..DI FF . P R A T I O ,R M A C H ,DO W N . SIDE
45 FOR NA T (/IX’ (PR Q BE ) 5 ITERATIONS EXCEEDED ’/

1 LX’P ITCH .DIFF ,PRATIO , RMAC H ,00WH ,SIDE’ /
2 1X 6C12.5)
STOP 11

44 IR*65*IFIX (PITCH )+IFIX (28. s(PRATIO—1 .))+1
CALL READ IN ( 14 .RMACH ,1.2 ,PRAT IO .PITCH ,65,IR )
AM! =RMACH *1 B .
M1= A f l 1 —3 .
IF (M 1. GE .1.A HD.M1.LE .11 ) GO TO 53
WRITE (4,52) RHACH

52 FORMA T (/IX’ (PROBE ) MACH NO. ~ ‘ ,G12.5 , ‘ OUTSIDE RANGE ’)
STOP 12

C***s*FIND TOTAL PRESSURE AT THIS MACH ,P ITCH
53 IR=IIsIFIX (PITCH )+M1

CALL READ IN (i.RA TIU ,1,2 .RNACH ,PITCH .11.IR )
PTOT=PPI T /RAT 10

C as*ssFIND STATIC PRESSURE
P S T A T = P T O T / ( ( 1 . + B . 2s R NA C H . a2 ) * 8 3 . 5 )

Csa ,asF IN D D Y N A M I C  PRESSURE-
Q=B.5 *1 .4sPS TAT SRMA CH **2

C ***s.FIND COEFFICIENTS
D C I 3iDP13 /O
DC24~ DP2 4/Q

C se s * * FIN D MACH NUMBER INTEGERS ON EACH SIDE OF ACTUAL MACH NO
C ssa..FOR EACH M A C H ,F I N D  D O W N - A N D  SIDE—WASH ANGLES (DEGREES )

IR = ( ( M 1 — 1) . 4 1 + I F I X ( 1 9 . * ( D C 2 4 + 2 . ) ) ) s 4 1+ I F I X ( 1 8 . s ( DC13+ 2 . ) ) + 1
lF (IR. LE .18*16 8 1 ) GO TO 4?
WR ITE ( 4,46) IR .RM ACH ,DC I3.DC24

46 F O R M A T / 1X’(P R Q BE ) RECORD NO. ~ ‘~~I6. ’ EXCEEDS 1I*1681 ’/
1 1X’RIqACN ,DC13,0C24 : ‘1 3G15.6)
STOP 1

4? 0028 19 =1 ,2
CALL REA D IH ’1 2 ,A N G1 E ,2 ,2 ,DC 13 ,DC24 ,41~ IR )
DOW N S ( P1 )=DOW N
SIDES (M )=SIDE

—
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29 IR *IR +1681
C*****LINEA R IN TERPOLATION BETWEEN MACH NUMBERS

F MA C H~ N 1
FMA CHaAM 1 — FPIA CH -3 .
DOW NP~ DOW NS( 1 )+( DOWN S( 2 )—000 NS( 1) )*FPIACH
S I D E P ~ SIDES (1)+ (SIDES (2 )—S IDES (1))*FMA CH

C~~. s s s C ONVER T P R O B E  A N G L E S  TO R A D I A N S
O ON N P~ DO W NP .DT R
S IDEP~ SI DEP *DTR

Csa .,.CALCULATE NEW PITCH IN DEGREES
PITCH N = ATA H (SORT (TAN (DOWN P)ss2 +TAN (SIDEP)ss2 )).RTD

C *a ***AB SOLU TE DIFFERENCE BETWEEN NEW AND OLD PITCH
DIF F zA BS (P ITCHH-P ITCH )

C;ss.SSET OLD PITCH EQUAL NEW PITCH—
P I T C H~ P I T C H N

C***~ *IHCREASE NO OF TIMES GONE THRU
N T H R U~ N T H R U + 1

C .***SCOM PARE WITH ERROR SET ABOVE
IF (D IFF. G T .ERROR ) GO TO 10

C *****RETUR H WITH PROBE ANGLES IN RADIANS
R E T U R N
END

C READIN DATE : 15—?— ?6
C
C

S U B R O U T I N E  R EAD IP4 (HDAT ,F N F .IHD ,X ,Y 1IXDL N ,IR )
C
C CALLED BY CRE F ,PROBE.
C
C* ***STHIS SUBROUTINE READS TABU LATED FUNCTIONS FROM DISK
C*.*e .FRON .DAT +2 ,AND PERFORMS A 2—D LINEAR INTER POLATION TO FIND THE
C ***s*VALUES OF THE FUNCTIONS AT THE POINT (X.Y).
C* **sSCAL L IT WITH THE FOLLOWING PARAM ETERS.
C *s.SSF (1) . . . F (NF = UP TO 19 INTERPOLATED FUNCTION VALUES (RETURNED ) .
C *s *s *N F5NUN BER OF FUNCTIONS TO BE INTERPOL A TED.
C **s.SIND—NO OF INDEPENDENT VARIABLES IN RECORD (REAL + INTEGER)
C...s.X ,y~ p O IH T AT WHICH W A N T  INTERPOLATED VALUE OF FUNCTION.
C *ss.sDATA STRUCTURE ON DISK ASSUMED TO BE OF THE FORM...
C* s*s*IST RECORD — NX ,NY (DIMENSIONS OF X .Y TABLES )
C****S2ND RECORD - (X T (I ), I=l ,NX ) (YT (I),I~~1 ,NY) TABULATED VALUES .
C s.s..NEXT N Xs NY RECORDS - EACH OF THE FORM
C *s*..IX IV (12) XT (IX ) YT ( IY ) (ZT (IZ)) F (1 ) . . .. F (NF )
C **S .SWI TH IX V A R Y I N G  MOST RAP IDL Y, THEN IV (THEN IZ .IF PRESENT ) .
C ***** INTER POLATES BY USING 2X2 POINTS ABOUT ACTUAL ONE.
C.e*s.I.E. ,THE 4 TABULATED POINTS CLOSEST TO ACTUAL POINT (X ,Y).
C
C.*..*X ,Y TABLES (MAX I M UM OF 65 VALUES AT PRESENT )

DIMENSION XT (2 .2)
C *esssU P TO 18 FUNCTION VALUES CAN BE READ IN
C s*sssUP TO 3 INTEGER AND REAL NUMBE RS IX ,IY .IZ .KT (IX) ,YT (IY) ,ZT (IZ)

DIMENSION IT (3),RT (3)
C s***.2X2R4 POINTS FOR EACH OF UP TO II FUNCT IONS WANTED FOR INTERP

D I M E N S I O N  FW (tI~ 2,2)
Csss~ sTHE INTERPOLATED VALUES (UP TO 19) ARE RETURNED THRU F

DIMENSION F (1)
COMMON T(321).IIT (5)
E QUIVALENCE (T (135),RTO )
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00189 I—1~~2 -
•

DO I BO J=1 ,2
IRN*IR +IXD IM * (J—1 )+ (I—1
RE A D (N DA T ’IRH ) (IT (L ) ,L z1 ,IHD ) ,(R T (L ),L ~~1 ,IND ) ,
1 ( F W ( L , I~~J) ,L.l ,NF)

C IF (N DAT. E Q .1 3 )WRITE ( 9 ,381) (FW (L ,I ,J ) ,L a l ,HF ),ND A T ,IR N ,
C 1 (IT (L ),L 1 ,IN D )
C 381 F O R M A T (IX ’FV  (R /IH)’/1X8C15.6 /1X2G15 .6 ~~’ N D A T ,1R N ,I T ‘,1016)

J K~ 2—IABS (I-J )
198 X T ( I , J ) = R T ( J K )
C IF (N DAT.E Q . 1 3 )M R ITE (9 ,300 ) ((XT (I ,J ),Js1 ,~~),I~~1 ,2)
C 300 FOR M A T (1X ’X T  (READIH ) ’ ,4G15 .6)
C *s.s*CARRY OUT 2—D INTERPOLATION
C**S ssFOR EACH FUNCTION

DX =( X — X T (  1, 2 )  )/ ( X T (  2. l ) — X T ( 1 ,  2 ) )
DY= (Y—XT ( 1,1))/(XT (2,2)—XT (l,l))
D 0120 N =1 ,NF

C *ass *2—D INTERPO LAT IO N ,AH D RETURN RESULT THRU F
C* * * * * F O R  TH E POINT F W ( H . I . J )

F11 = FW ( H , 1 ,  1)
F12 = FW ( H ,  1,2 )
F21 = F W ( N , 2 , l )
F22=FV (N~~2,2)120 F( H) =F I1* ( 1 . — D X ~ DY ) + F 2 1* DX + F 12 a D Y + F 1 1 + F 2 2 — F 12 — F 2 1 ) * D X * D Y
R E T U R N
END

~~~~~~~~~~~-~~~~~~- •~~~~~~~~~
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APPENDIX VI

LISTINGS OF CORECT AND CREF

C COR EC1 DATE ; 2 6 — 7 — 7 6
C

SUBROUTINE CORECT (A LPHA .W )
C

- • C CALLS PA RAB .
C CALLED BY MAIN.
C
C s THIS ROUTINE CONSTRUCTS THE STREAMLINE ABOUT THE REFERENCE POINT AND
C s THUS CALCULATES THE CHORD ANGLE ALPHA AND CORRECTION ANGLE G A M M A
C s THIS CONSTRUCTION IN THE Z—X PLANE IS BASED ON THIS ANALYSIS— ~(RA D IAN
Cs SLOPE OF STREAMLINE AT POINT X n DZ /DX = (D2/DT )/ (DX /DT )
C s = V (X )/U (X) (IN TERMS OF STREAM VELOCITY COMPONENTS ) .
C s HENCE THE STREAMLINE IS DEFINED BY Z (X )z INTEG RAL FROM ZERO TO X

OF M (X )/U (X).
C

D I M E N S I O N  U (12 ),W ( 1 ).X( 12 ). .XV (3) ,F(3)1ABC (3)
COMMON T (32N )~~IT(5)
E Q UIVALENCE (IT (2) , N R E F )
E Q UIVALENCE (T (21?) , U), (1 (253), X )
E Q U I V A L E N C E  (A BC (1 ) .A ) .(ABC (2),B) .(ABC (3).C)
E Q UIVALENCE (XV ( 1) ,XA )a (XV (2 ),XB )~~(KV (3 )1XC )

C
C sF 1110 THREE POINTS ABOUT THE REFERENCE POINT s

I X A N R E F —  1
IF (NREF .EQ .1) IXA I
IX= IXA

C *DEFINE POINTS XA ,XB,XC ABOUT MEASUREMENT STATION XB*
C
C INTE C RA N D F=W /U
C

DOt 1=1 ,3
)CV ( L )=X( IX )—X ( IXA )
F (L ) V (IX )/U (IX )

I IX IX+ 1
C • F IT  P A R A B O L A  F=A +B*X+C *Xa *2 TO THE INT EC RANDS

CALL PARAB (ABC ,XV ,F )
C s I N T E C R A T E  IT FROM ZERO TO EACH POINT XA ,XB ,XC TO OBTAIN
C *STR E ANLI N E POINTS ZA ,ZB .ZC , THUS — ZzA 5X+BSX5S2/2+CsXss 3/3 .s

ZBICB= (C/3. *XB+B/2. )*XB+A
ZCXC (C/ 3.*XC+B/2. )*XC +A

C sSTRAIG HT—L IN E CHORD DEFINED BY Z= (2C/XC)sX .s
C 5DIFFERENCE BETWEEN CHORD AND STREAMLINE AT REFERENCE POINTs

DIFF= (ZSXB—ZCXC)*XB
C*.*.sALPHA IS CHORD ANGLE , TWOCAN IS CORRECTION ANGLE .

ALP HA= A TA N ( ZCXC )
TW O CA M = 2 .sD IFF /X C

C
C CALCULATE EFFECTIVE INC IDENCE
C

A LP H A= AL P HA +T W OCAM
R E T U R N
E N D

~

•--. • - • 
~~~ 5~ 5 5~~~~ S~~~~~~~~~~ .~~~
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C CR EF DATE : 1— ? — ? ?
C
C

SUBROUTINE C R E F
C
C CALLS TRA NS ,READ IH .
C C A L L E D  BY M A I N . ISYSTEN
C s COMPUTES FORCE A~JD. MOMENT COEFFICIENTS DUE TO V IND .IN TOTAL AXIS
Cs BY I N T E R P O L A T I O N  INTO D A T A  TABLES
Cs P IT C HT  (0  2 4 . .  .38 ) ROLLT ( — 4 5  — 3 7 . 5 . .  .45 )
C .S5Ss RNA CHT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C s s s s s T H E  COEFFICIENTS ARE OH DISK
C . ss * s EA C H  RECORD W I T H I N  A F I L E  C O N T A I N I N G
C *ss *s I ,J ,k ,P ITCH ,ROLL .,M A CH ,CX ,CY ,C Z ,CL ,CM ,CH ,CLP ,CW Q, CN P ,CYP .
C

DIMENS ION C ( I B ) ,C I N T (2 ,  1 8 ) , P T V E C ( 3 )
C ss*sa (C IN T M , I )  C O N T A I N S  COEFF I AT TWO MACH NOS N)

DIMENSION UMS ( 12),VMS (12),WMS (12),RMS ( 12)
DIMENSION RNACHT (8)
COMMON T(328).IT (5)
E Q U I V A L E N C E  (T (94) .THETOT )1 (T (95) PH ITOT )
E Q U I V A L E N C E  (T (9 8 ) ,DM A X )
E Q U I V A L E N C E  (T (129),P), (T( 138).Q), (T (131).R )
EQU I V A L E N C E  (T ( 134 ), DIR)1 ( T( 135), RID )
EQUIVALENCE (T (1 65),PI)
EQU I VALENCE ~T (2B5

)
~ RMS )

EQUIVALENCE (T (21?>1UM5 ),(T(229),yN5),(T(241 )1WMS )
E QU I V A L E N C E  ~..T(265 ).CX).(T(266).CY).(T(26?),CZ )
EQUIVALENCE (T(268),CL),(T (269),CM), (T(2?8),CH )
EQUIVALENCE (IT (2),HREF )
EQUIVALENCE (C (1 ).TCX ),(C (2).TCY),(C (3),TC2 )
EQUIVALENCE (C(4 ), TCL ), C C( 5> TCM), (C(6 ),TCN )
EQUIVALENCE CCC? ), TCLP),(C (8),TCNQ,TCNR),(C (9),TCNP)
EQUIVALENCE (C(I 8).TCYP )
EQUIVALENCE (PTYEC ( I),PT)1(PTVEC (2)1 0T),(PTVEC (3),RT)

C*** s*MA CH NUMBERS AT WHICH COEFFS ARE TABULATED
DATA RMACHT/.4 ,.5,.6,.?,.$,.85, .9,.95/

C
I HO E G= THE TO TsR ID

C
IF (THDEG . GE . 0. .AND .THDEG .LE.39 . ) CO TO 3
WRITE (4,232 ) THDEC

232 FORMAT (/1X ’THETOT = ‘ F12.2 , ’ OUTSIDE RANGE’ )
STOP 3

3 PHIDEG= PH ITOTsRTD
C*sa*SGET ROLL (PHI ) FROM (9 TO 369) INTO R A N G E  OF TABLES (—45 TO +45)
C

IPHI= ( PHIDEG+ 45. )/91.
PHI DEC = PH ID EG-98  .5F L O A T (  IPHI )

C s * * s * F I N D  MACH NUMBER INTE GE RS ON EITHER SIDE OF ACTUAL ONE
RHSRE F =RMS( NREF)
001 MA CH = 1,8
IF (RM S R E F .C E . R M A C H T (M A C H ) . A H D . R M S R E F .L T . R M A C H T (M A C N +1 ))CO TO 2
CO N T I N U E

~~~~~~~~~~~~~ . . ~~~~~~~~~~~~~~~~~~~~~~ ~~-- — .- , 
~.- --~~~ - a
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W R ITE ( 4,21) RM SRE F
21 FORMAT C/I X ’ (CREF ) MACH HO. ‘,G12 .5 ,’ OUTSIDE RANGE’ )
C SEXPRESS EULER RATES I N  T O T A L  A X I S  S Y S T E M *
2 CALL TRANS (PT 1PH ITOT. 9 . ,9., — j ,P)
C* sassFOR EACH MACH N U M B E R  (MACH AND N AC H+1 )

IR— (MA CN— 1)5208+IFIXCCPHIDEG+45.)/7 .5)s16+IFIX (THDEG/2. +1
D0688 N= 1,2

C WRITE ( 9~ 429l) IR ,PIACH 1PH IDEG ,THDEC
C 4291 FORMA I (tX’I R1NACII ,PHIDEC ,TI4DEC’ ,I 6.I6,2GI5.~~)
C*****INTERPOLA TE TO GET 18 COEFFS AT THIS PITCH ,ROLL ,MA CH.

CALL REA D IN (1 3,C ,iB.3,THDEG ,PHIDEC ,16, IR)
C.s.S5STORE 10 COEFFS AT THIS MACH HO.

DO 1 0 1=1,18
18 C INT (H4I )=CCI )

Cs .*ssDO FOR BOTH MACH NUMBERS ,EACH SIDE OF ACTUAL ONE
608 [R IR+288
C sss*sHOW INTERPOLATE BETWEEN MACH N UMBERS TO GET FI N A L  COEFFS

RNA CHI =RMACHT C MACH >
R MA CH2=R N AC HT( NA CH +1)
DO 589 1= 1,18
S L O P E = ( C I N T ( 2 . I ) — C I H T ( 1 . I ) ) / ( R H A C H 2 — R M A C H 1 )

508 C (I)=CINT (1,I)+ (RMSREF-RMAC H I )*SLOPE
C sADD COMPONENT PARTS TO GIVE RESULTANT COEFF ICIENTS s

V E L R E F = S Q RT ( t J H S ( N R E F ) * s 2 + y M 5 ( N R E F ) s s 2 + W M $ ( N R E F )s*2 )
C TCX=TCX

TCY=TCY+TCYP*PT5DMAX/2 . /VELREF
C TCZ=TCZ

TCL= TCL +TCLPSPT5DPIAX /2 . /VELREF
TCP I=TCM+TCM QSQTsDMAX /2. /VELREF
TC N =TCN +C T C N P s P T — T C I I R . R T  ) * D MA X / 2 .  /VELREF

C s55SsTRAN SFORM TO BOMB AXES FROM TOTAL
CALL TRANS (CX ~ PHITOT ,8 . ~B . ,+1.TCX )
CALL TRANS (CL~ PHIT QT,8. ,0.,+1,TCL)
R E T U R N
END

_________ 
— -

~~~~~~~~~~
. ,
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APPENDIX VII

LISTING OF CINC

C CIN C DATE : 26—8—76
C

SUBROUTINE C INC
C
C CALLED BY M A I N .
C
Cs CALCULATES INCREMENTS IN COEFFICIENTS DUE TO FLOW V A R I A T I O N  ALONG BOMB
C.**s*IN B OMB AXES.
C

D IM E N S I O N  A STOR (12 ) ,D (12),Q(12),R (12),U (12) ,Y (12),IW (12),X (12) -
DIMENSIO N FYL (12),FZL (12),FNL (12),FNL (12),FYZ(12,2).DF (2,2)
DIMENSION DA DXCI2),DVDX (12),DWDX(12).DOX (12.3)
D I M E N S I O N  ABC ( 3)
COMMON T(329)4 IT(S)
EQUIVALENCE (1(91 )..VS),(TC 9?).ANAX)1(T (98).DNAX).(T ( 104).QDPI )
E Q UIVALENCE (T ( 96),RMA CHB ) ,(T (136 ) ,V EL INF )
E Q U IV A L E N C E  (T (169) ,A STOR ) , (T (1$1 ),D),(T( 193).Q)
E QU I VALENCE (T(217) .U)~ (T (229).V) ,(T (241)3W )
E Q UI V A L E N C E  (T (253 ),X )
EQU I VALENCE (T ( 272 ) ,DCY ) C T( 273), DC2 ), d c  2?5 ). DCM ) , (T( 276), DCN )

C
E Q U I V A L E N C E  ( l T d  1) 1 N NS ) . ( IT ( 2 ) , N R E F) , ( IT ( 3 ) . N B) . ( IT (4 ) , N F )

C
E Q U I V A L E N C E  ( D A D X . D D X ( 1 1  t ) ) 1 ( D V D X 1 D DX ( I , 2 ) ) , ( D W D X , D DX ( 1 , 3 ) )
EQU I VALENCE (ABC (1> .A).(ABC (2>.0)~~(ABC (3)1C)
E Q U I V A L E N C E  ( F Y Z ( 1 , 1 ) , F Y L , F N L > , ( F Y Z (  1~~2) 1FZL FML )

C
D A T A  ET A C DC/0 . 864/

C
SUMF (DX )= ((CsDX/3. +B/2. ) * DX + A ) S DX
SCS F(AN G >= S I N(  2. s A N C ) * C O S C  A N C / 2 . )

C
N F M 2 = N F — 2

C
C FIND bA /OX , DY/OX AND 0W/OX .
C METHOD :
C I F  F = A + B (X—XA ) + C (X—XA).s2 ,
C THEN DF/DX B + 2C (X—XA ).
C
C IF THE DERIVATIVE IS RE QU IRED AT POINT J1 THEN THE
C ROUTINE FITS PA RAROLAS SUCCESSIVELY THROUGH THE SETS OF POINTS
C (J— 2 ,J— 1 ,J ), (J— 1 ,J ,J- ,1 ) AND (J .J+1 ~~J +2)1 TO OBTAIN
C 3 ESTIMATES OF DF/DX BY THE FORMULA ABOVE.
C PROGRAM THEN AVERAGES THE THREE ESTIMATES . AT THE END
C POINTS . THE TREATMENT IS SLIGHTLY DIFFERENT.
C

004 L z1 ,3
001 I=1 ,HMS

1 DD X (I.L )=0 .
NBM 2 *NM S -2

• D 02 I=1 ,HBN 2
XA X ( I)
CO TO (9~~1B ,It ). L

9 CALL PARAB (A B C X (t ) .ASTOR (I))
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GO TO 12
10 CALL PARAB (ABC.X(t).V (I))

CO TO 12
11 CALL PARAB (ABC .X (I) .V (I))
12 DDX ( I, L )=DDX ( I L )+B

11=1+1
DDX ( 1 1.1 )sDDX ( I1 ,L )+B+2 . eC.( X C 11 )—N A )
12= 1+ 2

2 D D X ( I 2 1 L ) = D D X ( ! 2 1 1 ) + 8 + 2 . a C s ( X ( I 2 ) — X A )
IF ( N M S . E Q . 3 )  CO TO 4
DDX ( 2~ L )= DDX ( 2 .L )/ 2 .
DDX (NMS-1 .L ) D DX (NN S—1 ,L )/2.
IF (HMS .EQ.4) CO TO 4
DO 3 1 3 .NBM 2

3 DD X (I1L )=D DX (I ,L )/3.
4 CONTINUE
C
C COMPUTE VALUES AT REFERENCE POINT.
C

UR = U (NREF )
V R = Y ( N R E F )
WR=W (NREF )
Q R = Q ( N R E F )

C
C VISCOUS F O R C E / D C ! )  2 1/2 RHO ETA CDC V SQRT (V ss2+Wss2 )
C WHERE RHO = 2Q/ (Us*2+Va*2+Vs*2).
C

R I= QR 5ETAC D C 5 SQRT ( VR ss 2+VR ss2 )/(URss2+VRs*2+WR .s2)
V Y R RIa  YR
V Z R = R I 5 W R

C
C S LENDER BODY F O R C E / ( D A / D X )  2 Q SIN (2 AN C ) COS (AHG /2 )
C W HERE ANG = A R C T A H ( W / U ) FOR FY
C AN D = A R C T A N ( Y / U ) FOR F Z .
C

A L P H A = A T A N ( W R/UR )
BETA =A TA NC VR/UR )
Q ALP H= QR5 SC SF (  A L P H A )
QBET~ QRaSCSF (BETA )

C
C AT E A C H  M E A S U R E M E N T  S T A T I O N ,  CALCULATE THE
C CURVED FLOW INCREMENTS.
C

DOS I 1 ,HNS
QI= Q (I)
UI=U (I)
V I = V ( I  )
U 1 W (  I)
RHO=2. sQ I/C U1552 +YIa52+U 15*2 )

C
C SLENDER BODY INCREMENTS .
C

AL PHA A T A N (  W I / U I )
B E T A 3 A T A N ( V  I /UI)
DFYSB (QIaSCSF (BETA )— QBET)s’DADX (I )
DFZSB= (QI .SCSF (A LPHA )—QALPH )SDADXC I)

C
C BUOYANCY INCREMENTS.
C
C BUOYANCY FORCE = - YEL INF RHO A DY/OX FOR FY, AND

—
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C — V ELINF RHO A DY /OX FOR U.
C THUS , IN U N I FORM FLOW , BUOYANCY FORCE IS ZERO.
C
C

R 1=YELI N F SRHO *A STOR .1 )
D FYB .—R 1sDV DX ( I)
D FZB — —R Ia DW DX ( I)

C
C V ISCOUS INCREMENTS .
C

R 1=8. 5 SR HO SETACDC S S QR T (V 1a5 2 +W155 2 )
D F Y V = (R I 5V I —V Y R ) SD (I )
DFZV a( R 1 *WI —VZR ) sD ( I)
FYL ( I ) D FYSB +DFY B +DFYV

5 FZL (1 )=DF ZSB+DF ZB +DF ZV
C WR ITE (9,123 )FYL ..FZL
C 123 FOR N AT ( /1 X ’ FYL ’ /1X I B 13. 5/1X2 613 .5//
C 1 IX ’FZL ’/IX ISG I3.5/1X2G 13 .5//)
C
C INTEGRATE W . R . T .  X FROM X(HB ) TO X (HF) . TO GET TOTAL
C FORCE AND MOMENT INCREMENTS .
C

D08 121 ,2
DO? J*j ,2
FF28 .
K = N B

6 CALL PARA B ( A B C ,X (K ),FYZ CK ,J ) )
FF=F Fi SUHF ( X ( K +2 )—X (K ))
K 2 K + 2
I F ( K . L E . H F M 2 )  GO TO 6
IF ( K . E Q . NF ) CO TO 7
CALL PAR A B ( A B C 1 X (N F H 2 ),FYZ (N FM 2 1J ))
FF= FF +SUMF ( X ( HF )—X ( K))

7 DF ( I ,J)=FF
DOS L.1,HMS
FNL ( L )*X( L )5FYL ( L )

8 FML (L )=—X (L )sFZL (L )
0 AM 2 RD P8 a AP I A X
Q A N D a Q A M S D M A X
DC Y=DF ( t ,1 )/QAM
DCZ=DF ( 1~ 2 ) / Q A M
DC$=DF (2, 2 )/RAND
DCH=D F(2 , I )/QAND
RETURN
END 

~ - --- .--— .
~~~~~
— - - -, -- ,
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APPENDIX VIII

LISTINGS OF INTM AND DAUX

C INTM DATE : 2 6 — 7 - 7 6
C

* S U B R O U T I N E  IHTM
C
C CALLED BY M A I N .
C
C s INTEGRATES 18 SIMULTANEOUS FIRST ORDER DIFFERENT iAL EQUATIONS.
Ca REQUIRES D IMENSION OF I TO BE 4sN+3 (275 )

Ca ,sssN=NO OF EQ UATIONS TO BE INTEGRATED
C

COMMON T (320).IT (5)
EQUIVALENCE ( T ( 2 ) ,  T I M E ) ,  ( 1(3 )  , D T )

C
C ENTRY POINT FOR INTEGRATING ONE TINE STEP.
C a CALLED BY M A I N .
C F O U R T H  O R D E R  R U N G E  K U T T A  METHOD
C

T ( I ) ’ T I M E
DO t  .1=4,21

1 T(J +36 )=T(J)
DO 6 .1=3,6
A ( 8 — J )/ 2
02 .1/2

12 DO 66 Ix 4 , 2 1
KN= 1+36
K Oz I+54
K P2 1+18
IF ( J . E Q . 6 )  GO TO 2
T( KO )zT ( KO )+ DT* T (  KP )aB
1(1 ) = T ( K N) + D T s T ( K P) / A
GO TO 66

2 TCI )= I (XN )+(DTST (KP )+T (KO ))/6.
T (KO > 2 9

66 C O N T I N U E
TIPIE=T (t )+DT/A
C A L L  D A U X

6 CON TINUE
RETURN
END 

-~~~~~~~~~~~~~ . --. ~~~~~~~~~- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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C DAUX DATE : 7-7—77
C

SUBROUTINE DAUX
C
C CALLED BY I H T N .
C
Cs ROUTINE SPECIFIES THE E QUATIONS OF NOTION IN FIRST ORDER FORM SO
Cs THEY CAN SE I N T E G R A T E D  ONE T IME STEP BY IN~ N.
Cs FORCE E Q U A T I O N S  IN A I R C R A F T  A X E S .
Cs MOMENT E Q U A T I O N S  IN BOMB A X E S .
C

DIMENSION C ( 3~~3 ) . X ( 3 ) , U( 3 ) . N( 3 ) . A 8C ( 3 ,6  ) ,T I NES(3)
D I M E N S I O N  DC C 3 ,3  ) , DX ( 3 ) ~ DU (3 ) , D 14 ( 3 )
D I M E N S I O N  FX ( 3 > ,FL (3) ,A ( 3).P (3)
DIMENSION AROT (3,3 ),BROT (3..3 ).ACC ( 3)
COMMON T (320),IT (5)
E Q U I V A L E N C E  ( T ( 2 ) , T I M E )
(RU I VALENC E ( 1(4 ) .  C ) ,  (T (  13). X ), (T (  16), U) .  (T (  IS), H)
EQUIVALENCE (T(22).DC ),(T(31 ).DX),(T(34).DU),(T(37).DH)
EQUIVALENCE (T C?9) .A ), (T(82 ,.STMASS)
EQUIVALENCE (IC 111 ),PA) .CT (112).QA ),(T (113),RA )
E Q U I V A LENCE ( 1 ( 1 1 4 )  .FREE )
EQUIVALENCE (T (11?),ACC )
EQUIVALENCE (IC 120 ),FX),(T ( 123),FL>
EQU I V A L E N C E  ( T ( 1 2 9 ) , P ) 1 ( T (  1 3 8 ) . R > , ( T ( 1 3 1 ) . R )
EQUI VALENCE ( T ( 1 3 ? ) , A R O T ) , ( T (  14 6 ) , B R O T )
EQU I VALENCE (T(380).TIMES),(T (313),ABC )

C
DELT=TIME-T IMES (1 )

Cs RENORM A L ISE DIRECTION COSINES
001 1=1,3
S UN 2

C s * * * * U P D A T E  ANGULAR V E L O C I T I E S  FRON A N G U L A R  M O M E N T U M  AT SANE T I M E
P C I  ) H (  1 ) /AC I)
002 .1=1 ,3

2 S U P I = S U N + C ( I , J ) a s 2
S UP I =SQRT (  SUN )
001 J 1,3

1 C ( I , f l = C(  I,J ) / S U N
Cs UPDATE BOMB AND A I R C R A F T R O T A T I O N  M A T R I C E S
C

IF ( F R E E . G T . 0 .  ) CO TO 7
AROT (t ,2)=RA
A R O T (  1 .3  )= - Q A
AROT (2 .1 )= -RA
A ROT(2 ,3)=PA
AROT (3 , 1 ) Q A
AROT (3 ,2 > 2— PA

7 B R O T ( 1 , 2 ) = R
BROT ( 1 ,3)a—Q
B R O T ( 2 , 1  ) =— R
BROT (2 ,3)=P (1 )
BROT (3 , 1 ) Q
B R O T ( 3 , 2 ) = — P ( t )

C s E Q UATION OF BOMB O R I E N T A T I O N  W . R . T .  AIRCRAFT.
C a D C 2 B RO T SC— C 5ARO T
C 

—~~~~~ --- -- -- - -- ~~ 
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Ca E Q UATION OF BOMB C .G. MOTION REFERRED TO AIR C R A F T  AXES.
C XA 2CA ( XE -XE 5)
C D X A = CA (D XE — D X E a)+DCA ( XE -XE a )
C
C BUT D C A = A R O T . C A
C
C THEREFORE -

• C DXA a CA (DX E -DX E e~)+A R O T .CA (XE-XE 5)
C
C LET U = C A ( DX E - D X E * )
C
C T H E N
C DXA U+A ROT. XA
C AND
C DU=CA (D2XE— D2XE5)+AROT .CA (DXE-DXE” )
C
C I.E.
C DU= CA .D2XE- CA. D2 XE * +A ROT.U
C

• C W HERE
C C A . D 2 X E = F O R C E S / N A S S
C C A . D 2 X E 5 2 A L R C R A F T  A C C E L E R A T Z O H S
C s ( G F C . S I N ( A T T A C K ) , 8 , - C F C . C O 9 ( A T T A C K ) )
Ca DX 8 U + A R O T 5 X

• C* FORCE EQUATIONS OF MOT IOHI REPERRED TO AIRCRAFT AXES.
C a DU= FX/ STMA SS—ACC +AROT SU
Cs MOMENT EQUATIONS OF MOTION ,REFERRED TO BOMB AXES .
Ca DN FL +BROT*N
C

0051 1=1 .3
005 1 J j , 3  - -

SU M 2 O .
DOS K # 1 , 3
SUM*SUN+BROT ( I ,K )sC(K ,J )
IF CFREE .LT.a. ) SUN~ 5UM—C (I,K )*AR OTCK.J )

5 CONTINUE
51 D C ( I , J - ) SUM

006 121,3
DX( I )* U( I )
DUd I ) 2 ( ( A B C ( 3 ,  I ) 5 D E L T + A B C ( 2 ,  I ) ) S D E L T + A B C (  1, !  ) ) /ST MAS S
IF (FREE.LT. 0.)DU (!)=O1I (f)—ACC (I)
13=1+3 

4

DH (l)* (ABC (3,13)*DELT+ABC(2,I3))SDELT+ABC (1,13)
006 4 2 1 , 3

IF ( FRE E . G T . 8 .  ) GO TO 6
DXC I ) DX( I ) .AR OT (  1 , 4  ) s X ( . 1 )
D UC I )ZDU( 1 ) + A R O T C  1 , 4  )* tJ ( 4 )
DH(I )=DHCI).BROT (I ,J)SH (J)

C W R IIE ( 9,44) DX ,D U ,D H
C 44 FOR$AT (/IX’DX ,DU ,DH (DAUX) ‘,9G12.5// )
C VRITE (9146) STNASS ,DELT N
C 46 FORMAT (1X ’ST$ASS .DELT .H ‘ .5G12.5/)
C WRITE (9,4?) ((ABC ( I,J), Izl,3),Jal,6)
C 4? FORNAT (IX’A BC ‘1 3C15.4/(5X3C15.6))

R E T U R N
END
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Figures 1, 2 ~ 3
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(EARTH )~~ OUT

Figure 1. Definition of real world coordinate systems
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__________________________________________________ TUNNEL
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Figure 2. Definition of wind tunnel coordinate systems
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Figure 3. The camber of a curved stream
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Figures 4 ~ 5

u~~— I~ l COS B 1
V:~~ SIN 

~ T
Z8 W:— l~ ( SINO T COS,i

Z T

1? ~~Y B

X B, X T

Figure 4. Definition of Wind Vector (~~~ ) 
Relative to

Total (T) and Bomb (B) axes

TAN (DOWNP ):W p/ U p~
TAN (SIDEP) Vp/Up 3. BY DEFINITION

THEREFORE :

Zp Up _ l~ l / ,P+TAN2 (DOWNP)+ TAN2 (SIDEP)

V p Up TAN (SIDEP)
AND W~~~U~~TAN (DOWNP )

— ..— I
—

— -~~ I-r
~~~ v~j

X p

Figure 5. Defini tion- of Wind Vector 
(!) 

Relative to Probe axes
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